Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(jj) Publication number: 0 599 444 A1 



@ 



EUROPEAN PATENT APPLICATION 



@ Application number : 93303835.8 
(S) Date of filing : 18.05.93 



© int. CI. 6 : C07K 5/06, C07D 471/04, 

C07D 487/04, C07D 233/1 6, 
A61K 37/64 



@ Priority : 18.05.92 US 884664 

© Date of publication of application ; 
01.06.94 Bulletin 94/22 



(3) Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IE IT U LU MC 
NL PT SE 

@ Applicant : E.R. SQUIBB & SONS, INC. 
Lawrenceviile-Princeton Road 
Princeton New Jersey 08543-4000 (US) 

@ Inventor : Karanewsky, Donald S. 
112 Sierra Drive 
Chapel Hill,NC (US) 



Inventor : Barrish, Joel C. 
46 Heather Valley Road 
Holland, PA 18966 (US) 
Inventor : Petrillo, Edward W., Jr. 
5 Walking Purchase Drive 
Pennington, NJ 08534 (US) 
Inventor : Robl, Jeffrey A. 
7 Tulip Drive 
Newtown, PA (US) 
Inventor : Ryono, Denis E. 
28 Marion Road West 
Princetown, NJ (US) 

(g) Representative : Thomas, Roger Tamlyn 
D. Young & Co. 
21 New Fetter Lane 
London EC4A 1DA (GB) 



(£) Dual action inhibitors. 

(g) . Compounds of the formula 



0 
II 

Ri S (CH 2 ) n c c Xi 



are disclosed as possessing inhibotory activity against angiotensin converting enzyme (ACE) and 
neutral endopeptidase (NEP) and thus being useful as cardiovascular agents. Processes for preparing 
these compounds are also disclosed. 
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This invention is directed to novel compounds possessing both angiotensin converting enzyme inhibitory 
activity and neutral endopeptidase inhibitory activity and methods of preparing such compounds. This inven- 
tion is also directed to pharmaceutical compositions containing such dual inhibiting compounds or pharma- 
ceutical^ acceptable salts thereof and the method of using such compositions. The dual inhibitory compounds 
of this invention are those of the formula 



(I) 



O 
II 

Rl— S (CH 2 ) n — c c — Xl 



\ 



R 2 



and pharmaceutical^ acceptable salts thereof wherein: 
R, is hydrogen, 



0 




or R 18 -S- ; 

R 2 and R 19 are independently selected from hydrogen, alkyl, cycloalkyl-(CH2)m-. substituted alkyl, aryl- 
(CH2) m - , substituted aryl-(CH 2 ) m -, and heteroaryHCHJnr ; 

n is zero or one provided that n must be zero when R 2 and R 19 are both other than hydrogen; 
m is zero or an integer from 1 to 6; 

R 3 is alkyl, substituted alkyl, cycloalkyMCH^-, aryt-(CH 2 ) m - f substituted aryHCH^-, or heteroaryl- 
(CH2) m - ; 

R 18 is alkyl, substituted alkyl, cycloalkyl-lCH^-.aryl^CHz)^, substituted aryHCH^-, heteroaryl- 
(CHJm- or -S-R 18 completes a symmetrical disulfide wherein R 18 is of the formula 

(ID 



— (CH 2 ) n — C C — -Xi 



\ 



R 2 



X, is of the formula 



EP 0 599 444 A1 

(III) 

R 4 

(CH 2 )q 



/\ (CH 2 ) b — C OR 12 

— N C ^ \ 



T jj r 10 *u 
H o 
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(VII) 
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(XI) 



(XII) 



or 

(XIII) 




R4 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, hydroxy, cycloalkyl -(CH2) m -, aryl 
-(CH^-, substituted aryl -(CH£ m -, or heteroaryl -(CHJn,-; 

R 5 is hydrogen, alkyl, substituted alkyl, alkenyl, cycloalkyl-(CH 2 ) m -, aryKCHJm-, substituted aryl- 
(CH^m-, hydroxy, or R4 and R 5 taken together with the carbon to which they are attached complete a saturated 
cycloalkyl ring of 3 to 7 carbons or R4 and R5 together with the carbon to which they are attached complete a 
keto substituent, i.e., 



>C=0 

Re, Rq and R 10 are independently selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, cycloalkyl -(CH^m-, aryl-(CH2) m -, substituted aryl-(CH 2 ) m -. and heteroaryHCH^n,-; 

R 7 , R9 and R„ are independently selected from hydrogen, alkyl, substituted alkyl, aJkenyl, substituted 
alkenyl, cycloalkyl -(CH^-, ary1-(CH2) m , and substituted aryl -(CH 2 ) m -, or R$ and R 7 taken together with the 
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carbon to which they are attached complete a saturated cydoalkyl ring of 3 to 7 carbons or Ra and Rg taken 
together with the carbon to which they are attached complete a saturated cydoalkyl ring of 3 to 7 carbons; 

b is zero or one; 

q is an integer from 1 to 4; 

r is one or two; 

s is zero, one or two; 

t is one, two, or three; 

v is one or two; 

w is one or two; 

Y 1 is -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -, -0-, 

(0) s 
I 



-CH 2 -0-, or 



(0) s 
I 

-CH 2 -S - 



Y 2 is -CH 2 -, 



(O)s 



orO ; 

Y 3 is -CH 2 - or 



-s 



Y 4 is -CH 2 -, -(CH^-, -{CH 2 ) 3 -, -O-, or -CH 2 -0- ; 
Z is O or two hydrogens; 

R 12 is hydrogen, alkyl, substituted alkyl, aryHCH^ m - t substituted aryl-(CH 2 ) m -, heteroary)-(CH2) m - 



A 



- CH-0-C-R 15 ^ J 

Ri4 , or " CH2 Rl6 



R 13 is hydrogen, lower alkyl, or substituted lower alkyl; 
R 14 is hydrogen, lower alkyl, cydoalkyl, or phenyl; 

6 
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R 16 is hydrogen, lower alkyl, lower alkoxy or phenyl; 
R ie is lower alkyl or aryl-(CH2) m -; and 

R 17 is hydrogen, alkyl. substituted alkyl, alkenyl, substituted alkenyl, cydoalkyHCHaJm-, aryl-(CH2) m -, 
substituted aryl-(CH2)m-, or heteroaryKCHJm-- 
5 The term "alkyl" refers to straight or branched chain radicals having up to seven carbon atoms. The term 

"lower alkyl" refers to straight or branched radicals having up to four carbon atoms and is a preferred subgroup- 
ingforthe term alkyl. 

The term "substituted alkyl" refers to such straight or branched chain radicals of 1 to 7 carbons wherein 
one or more, preferably one, two, or three, hydrogens have been replaced by a hydroxy, amino, halo, trif luor- 
10 omethyl, cyano, -NH(lower alkyl), -N(lower alkyl) 2 , lower alkoxy, lower alkylthio or carboxy. 

The term "substituted lower alkyl" refers to such straight or branched chain radicals of 1 to 4 carbons 
wherein one hydrogen has been replaced by a hydroxy, amino, halo, trifluoromethyl, cyano, -NH(lower alkyl), 
-N(lower alkyl) 2 , lower alkoxy, lower alkylthio, or carboxy. 

The term "alkenyl" refers to straight or branched chain radicals of 3 to 7 carbon atoms having one or two 
15 double bonds. Preferred "alkenyl" groups are straight chain radicals of 3 to 5 carbons having one double bond. 

The term "substituted alkenyl" refers to such straight or branched radicals of 3 to 7 carbons having one 
or two double bonds wherein a hydrogen has been replaced by a hydroxy, amino, halo, trifluoromethyl, cyano, 
-NH(lower alkyl), -N(lower alkyl) 2 , lower alkoxy, lower alkylthio, or carboxy. 

The terms "lower alkoxy" and "lower alkylthio" refer to such lower alkyl groups as def ined above attached 
20 to an oxygen or sulfur. 

The term "cycloalkyl" refers to saturated rings of 3 to 7 carbon atoms. 

The term "halo" refers to chloro, bromo, fluoro, and iodo. 

The term "aryl" refers to phenyl, 1-naphthyl, and 2-naphthyl. The term "substituted aryl" refers to phenyl, 
1-naphthyl, and 2-naphthyl having a substituent selected from lower alkyl, lower alkoxy, lower alkylthio, halo, 
25 hydroxy, trifluoromethyl, amino, -NH(lower alkyl), or -N(lower alkyl ) 2 , di- and tri-substituted phenyl, 1-naphthyl, 
or 2-naphthyl wherein said substituents are selected from methyl, methoxy, methylthio, halo, hydroxy, and 
amino. 

The term "heteroaryl" refers to unsaturated rings of 5 or 6 atoms containing one or two O and S atoms 
and/or one to four N atoms provided that the total number of hetero atoms in the ring is 4 or less. The heteroaryl 

30 ring is attached by way of an available carbon or nitrogen atom. Preferred heteroaryl groups include 2-, 3-, or 
4-pyridyl, 4-imidazolyl, 4-thiazolyl, 2- and 3-thienyl, and 2- and 3-furyl. The term heteroaryl also includes bi- 
cyclic rings wherein the five or six membered ring containing O, S, and N atoms as defined above is fused to 
a benzene or pyridyl ring. Preferred bicyclic rings are 2- and 3-indolyl and 4- and 5-quinolinyl. The mono or 
bicyclic heteroaryl ring can also be additionally substituted at an available carbon atom by a lower alkyl, halo, 

35 hydroxy, benzyl, or cyclohexyl methyl. Also, if the mono or bicyclic ring has an available N-atom such N atom 
can also be substituted by an N-protecting group such as 



40 




2,4-dinitrophenyl, lower alkyl, benzyl, or benzhydryl. 
45 The compounds of this invention wherein R, is hydrogen or 



R 3 C 

50 

and R 19 is hydrogen can be prepared by coupling the acylmercapto containing sidechain of the formula 

55 
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(XIV) 



20 



40 



45 



50 



I f 

R 3— C S (CH 2 ) n — CH — C — OH 

I 

R 2 



10 with the intermediates of the formula 

(XV) H-X, 

to give the product of the formula 



15 (XVI) 



O O 
H II 

R 3— C S (CH 2 ) n — CH— C — X 1 

I 

R 2 



wherein R 12 in the definition of X, is preferably an easily removable ester protecting group such as methyl, 
25 ethyl, or benzyl. The above reaction can be performed in an organic solvent such as dimethylformamide and 
in the presence of a coupling reagent such as benzotriazol-1-yloxytris(dimethylamino)-phosphonium hexa- 
fluorophosphate, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, dicyclohexylcarbodiimide, or carbonyldii- 
midazole. Alternatively, the acyimercapto carboxylic acid of formula XIV can be converted to an activated form 
prior to coupling such as an acid chloride, mixed anhydride, symmetrical anhydride, activated ester, etc. 
30 The product of formula XVI can be converted to the mercaptan product of formula I wherein R, is hydrogen 

and R 12 is hydrogen by methods known in the art. For example when R3 is methyl and R 12 is methyl or ethyl 
treatment with methanolic sodium hydroxide yields the product wherein R, and R 12 are hydrogen and when 
R 3 is methyl and R 12 is t-butyl treatment with trif luoroacetic acid followed by ammonia yields the product where- 
in Ri and R 12 are hydrogen. 

35 The compounds of this invention wherein both R 2 and R 19 are other than hydrogen and n is zero can be 

prepared by coupling the substituted mercapto containing sidechain of the formula 



(XVII) 




O 

H3CO ( O y~ H 2 C-S-C ~C — OH 

R19 R 2 



with the intermediate of formula XV as described above to give the compound of the formula 



55 
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(XVIII) 



H 3 CO 




O 



t 

•h 2 c-s-c — C 
R19 R2 



Treatment of the compound of formula XVIII with strong acid such as trifluoromethanesulfonic acid removes 
the methoxybenzyl protecting group and gives the corresponding product of formula I wherein is hydrogen. 

The substituted mercapto containing compounds of formula XVII can be prepared by reacting the disub- 
stituted carboxylic acid of the formula 



(XIX) 



0 
II 

HC— C OH 

/ \ 

R i9 R 2 



with bis[[(4-methoxy)phenyl]methyl]disulfide in the presence of lithium diisopropylamide. 

The products of formula I wherein X, contains a sulfoxide or sulfone can be prepared by employing the 
Intermediate of XV as the mercaptan, i.e., s is zero, during the coupling reaction. The resulting product of for- 
mulas XVI or XVIII is then oxidized with a known oxidizing reagent such as meta chloro perbenzoic acid, per- 
acetic acid, or monoperoxyphthalic acid, magnesium salt hexahydrate, etc. By controlling the amount of ox- 
idizing reagent and the time of the reaction, the products are obtained wherein s is one or two. 

The products of formula I wherein R t is hydrogen can be acylated with an acyi halide or anhydride of the 
formula 



(XX) 

0 

II or 
R 3 — C— halo 

wherein halo is CI or Br to give other products of formula I wherein R, is 




R3-C- 

The products of formula I wherein R 1 is -S-R 18 and R 18 is alkyl, substituted alkyt, substituted cycloalkyi- 

9 
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(CH^nv, aryl-(CH 2 ) m - t substituted aryl-fCHJm- or heteroaryl -(CH 2 ) m - can be prepared by reacting the prod- 
ucts of formula I wherein R, is hydrogen with a sulfonyl compound of the formula 

(XXI) H 3 C-S0 2 -S-R 18 
in an aqueous alcohol solvent to yield the desired products. The compounds of formula XXI are known in the 
5 literature or can be prepared by known methods, see for example, Smith et al., Biochemistry, 14, p. 766 - 771 
(1975). 

The symmetrical disulfide products of formula I can be prepared by direct oxidation of the product of for- 
mula I wherein R, is hydrogen with iodine as note, for example, Ondetti et al. U.S. Patent 4,1 05,776. 
The ester products of formula I wherein R 12 is 



O 
I! 

15 ~ CH-0-C-R 15 or 

R 14 

20 can be prepared by treating the product of formula I wherein R 12 is hydrogen with a compound of the formula 
(XXII) 




25 



30 



0 

II 

L-CH-0-C-R 15 or . - 



*14 L CH, 



*16 



wherein L is a leaving group such as chloro, bromo, or tolylsulfonyloxy. 

35 The acylmercaptoalkanoic acids of formula XIV are described in the literature. See, for example, Ondetti 

et al. U.S. Patents 4,105,776 and 4,339,600, Haslanger et al. U.S. Patent 4,801,609, etc. 

The intermediates of formula XV are also described in the literature or are obtained by modifications of 
known procedures. For example, the intermediates of formula XV wherein X, is as defined in formula III are 
disclosed by Thorsett et al., J. Med. Chem., 29, p. 251 - 260 (1988), Harris et al. in U.S. Patents 4,587,050, 

40 4,587,238,4,629,787 and Yanagisawaetal. in U.S. Patent 4,734,410. The intermediates of formula XV wherein 
X, is as defined in formula IV are disclosed by Yanagisawa et al., J., Med. Chem., 30, p. 1984 - 1991 (1987) 
and 31, p. 422 - 428 (1988), Karanewsky in U.S. Patent 4,460,579, Cheung et al. in U.S. Patent 4,594,341, 
and Yanagisawa et al. in U.S. Patent 4,699,905. The intermediates of formula XV wherein X, is as defined in 
formula V are disclosed by Karanewsky in U.S. Patents 4,460,579 and 4,711,884. The intermediates of formula 

45 XV wherein X t is as defined in formula VI and Y, is -CH 2 -, -(CH^- of -(CH^- are disclosed by Watthey et al., 
J. Med. Chem., 28, p. 1511 - 1516 (1985) and Watthey in U.S. Patents 4,410,520, 4,470,988, 4,473,575, 
4,537,885 and 4,575,503 and also by Parsons et al., Biochemical & Biophysical Research Comm., 117, p. 108 
- 113 (1983) and in U.S. Patent 4,873,235. The intermediates of formula XV wherein X, is as defined in formula 
VI and Y 1 is S or O are disclosed by Slade et al., J. Med. Chem., 28, p. 1517 - 1521 (1985) and in U.S. Patent 

so 4,477,464 and Itoh et al., Chem. Pharm. Bull., 34, p. 1128 - 1147 (1986) and 34, p. 2078 - 2089 (1986) as well 
as Sugihara et al. in U.S. Patent 4,548,932 (Y is O) and Katakami et al. in U.S. Patent 4,539,150 (Y is S). The 
intermediates of formula XV wherein X is as defined in formula VII can be prepared by reduction of the cor- 
responding intermediates wherein X A is as defined in formula VI. The intermediates of formula XV wherein X, 
is as defined in formula VIII are disclosed by Flynn etal. in U.S. Patent 4,973,585. The intermediates of formula 

55 XV wherein X is as defined in formula IX and Y 2 is S, -SO, or -S0 2 are disclosed by Harris et al. and Patchett 
et al. in U.S. Patents 4,415,496 and 4,617,301, The intermediates for formula XV wherein X, is as defined in 
formula IX and Y 2 is CH 2 is disclosed by Thorsett, Actual. Chim. Ther., 13, p. 257 - 268 (1986). The intermedi- 
ates of formula XV wherein X 1 is as defined in formula XI are disclosed by Attwood et al., Federation of Eu- 



10 
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15 



20 



25 



30 



35 



ropean Biochemical Studies, 165, p. 201 - 206 (1984) and in U.S. Patent 4,512,994 and Natoff et al., Drugs 
Of The Future, 12, p. 475 - 483 (1987). The intermediates of formula XV wherein X, is as defined in formula 
XII are disclosed by Huang et al. in U.S. Patent 4,465,679. The intermediates of formula XV wherein X! is as 
defined in formula XIII are disclosed by Bolos et al. in Tetrahedron, 48, p. 9567 -9576 (1992). 

The intermediates of formula XV wherein X, is as defined in formula III and q is one or two and R 7 is hy- 
drogen can be prepared according to the following process which is also part of this invention. 

The N-phthalimido a-amino acid of the formula 



(XXIII) 



R 4 C CH 2 OH 



0 



(CH 2 ), 




and the amino acid ester of the formula 



(XXIV) 

H 2 N -C (CH 2 ) b COOR 12 

Rio Rl1 

wherein R 12 is an easily removable ester protecting group such as methyl, ethyi, or benzyl are coupled to give 
the peptidyl compound of the formula 

(XXV) 



45 



40 R4 — c — CH 2 OH 

J (CH 2 ) q 

f OjL_ / N CH f ~ m y C ~ ( CH 2 > b" C00R 12 

^^if 0 Rio R11 

o 

50 

This coupling reaction is preferably carried out in the presence of a coupling reagent such as benzotriazol-1- 
yloxytris(dimethylamino)phosphonium hexaf I uoro phosphate or ethyl-3-(3-dimethylamino) propyl carbodii- 
mide. 

The compound of formula XXV is oxidized such as by treatment with oxalyl chloride and dimethylsulfoxide 
55 or tetra-n-propyl ammonium perruthenate and N-methylmorpholine N-oxide to give the compound of the for- 
mula 



11 
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(XXVI) 




The compound of formula XXVI is cyclized by treatment with a non-aqueous acid such as trifluoroacetic 
acid, trifluoromethanesulfonic, hydrochloric acid, etc., to give the compound of the formula 

20 



(XXVII) 




35 The intermediate of formula XV wherein X, is as defined in formula III and q is one or two and R* and R 7 

are both hydrogen can be prepared by treating the compound of formula XXVI with a silyl hydride such as 
triethylsilane, diphenylmethylsilane, phenylmethylsilane, etc., and a Lewis acid catalyst such as stannic chlor- 
ide, titanium tetrachloride, stannic bromide, boron trifluoride etherate, etc., followed by esterif ication of the 
carboxyl group and subsequent treatment with hydrazine hydrate to remove the N-phthaloyl protecting group. 

40 The intermediate of formula XV wherein X, is as defined in formmula 111 and q is one or two, R 7 is hydrogen, 

and Re is other than hydrogen can be prepared from the compound of formula XXIV. For example, when Re 
is alkenyl or substituted alkenyi of 3 to 7 carbons, treatment of compound XXIV with an alkenyl or substituted 
alkenyl silane in the presence of a Lewis acid catalyst as exemplified above followed by esterification of the 
carboxyl group and subsequent removal of the N-phthaloyl protecting group as described above gives the de- 

45 sired intermediate. The alkenyl moiety may be hydrogenated to give the desired intermediate wherein Re is 
alkyl or substituted alky] of 3 to 7 carbons. When Re is other than alkenyl or substituted alkenyl, treatment of 
compound XXVII with the corresponding Re containing aluminum or titanium compound in the presence of a 
Lewis acid catalyst followed by esterification of the carboxyl group and subsequent removal of the N-phthaloyl 
protecting group gives the desired intermediate. 

so The intermediates of formula XV wherein X, is as defined in formula IX or X, Y 2 is -CH 2 - and v is two can 

be prepared according to the following process which is also part of this invention. 
The N-phthalimido ct-amino acid of the formula 



55 



12 
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(XXVIII) 

^,CH = CH 2 

0 r 

N — CH — COOH 




to 

0 

15 is coupled with the a-amino acid ester of the formula 
(XXIX) 

20 



25 

(CH 2 ) W 



CI 

! 



CH 2 -OH 



H 2 N CH COOR 12 

30 



35 

in the presence of a coupling catalyst as described above to give the alcohol of the formula 
(XXX) 

40 

CH2-OH 



45 



50 




0 



The alcohol of formula XXX is oxidized such as by treatment with oxalyl chloride to give the corresponding 
55 aldehyde which is then treated with an acid such as trifluoroacetic acid or hydrochloric acid to give the car- 
boxylic acid ester of the formula 



13 
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(XXXI) 



CH=CH 2 




COOR 12 



Cyclization of the compound of formula XXXI with a strong acid such as trifluoromethanesulfonic acid fol- 
lowed by reesterif ication by conventional means and treatment with sodium iodide gives a mixture of the com- 
pounds of the formulas 

(XXXII) 



and 

(XXXIII) 




Removal of the N-phthaloyi protecting group from the intermediate of formula XXXIII as described above 
gives the desired compound of formula XV wherein X, is as defined in formula X and Y 2 is -CIV- 

Treatment of the intermediate of formula XXXII with tris(trimethylsilyl) silane or tri-n-butyltin hydride in 
the presence of a catalytic amount of azobisisobutyronitrile removes the iodo group. The N-phthaloyl group 
is subsequently removed as described above to give the desired compound of formula XV wherein X t is as 
defined in formula IX, v is two, and Y 2 is -CH2-. Similar procedure can be employed to give the corresponding 
compound of formula XV wherein X, is as defined in formula IX, v is one, and Y 2 is -CH 2 -. 

Other procedures for preparing the intermediates of formula XV appear in the examples. 

The compounds of formula I contain one or more asymmetric centers. Thus, these compounds can exist 
in diastereoisomeric forms or in mixtures thereof and all of such forms are within the scope of this invention. 



14 
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The above described processes can utilize racemates, enantiomers, or diastereomers as starting materials. 
When diastereomeric compounds are prepared, they can be separated by conventional chromatographic or 
fractional crystallization methods. 

The compounds of formula I wherein R 12 is hydrogen can be isolated in the form of a pharmaceutical^ 

5 acceptable salt. Suitable salts for this purpose are alkali metal salts such as sodium and potassium, alkaline 
earth metal salts such as calcium and magnesium, and salts derived from amino acids such as arginine, lysine, 
etc. These salts are obtained by reacting the acid form of the compound with an equivalent of base supplying 
the desired ion in a medium in which the salt precipitates or in aqueous medium and then lyophilizing. 

The compounds of formula I are dual inhibitors possessing the ability to inhibit both the angiotensin con- 

10 verting enzyme and neutral endopeptidase. Thus, the compounds of formula I including their pharmaceutical^ 
acceptable salts are useful in the treatment of physiological conditions in which either angiotensin converting 
enzyme inhibitors or neutral endopeptidase inhibitors have been shown to be useful. Such conditions include 
cardiovascular diseases, particularly, hypertension, congestive heart failure, renal failure, and hepatic cirrho- 
sis, as well as analgesic activity. Diuresis, natriuresis, and blood pressure reduction are produced in a mam- 

15 malian host such as man by the administration of from about 1 mg. to about 100 mg. per kg. of body weight 
per day, preferably from about 1 mg. to about 50 mg. per kg. of body weight per day, of one or more of the 
dual inhibitors of formula I or a pharmaceutically acceptable salt thereof. The dual inhibitors of formula I are 
preferbly administered orally, but parenteral routes such as subcutaneous, intramuscular, and intravenous can 
also be employed. The daily dose can be administered singly or can be divided into two to four doses admin- 

20 istered throughout the day. 

The dual inhibitors of formula I can be administered in combination with human ANF 99 - 126. Such com- 
bination would contain the inhibitor of formula I at from about 1 to about 100 mg. per kg. of body weight and 
the human ANF 99-126 at from about 0.001 to about 0.1 mg. per kg. of body weight 

The dual inhibitors of formula I can be administered in combination with other classes of pharmaceutically 

25 active compounds. For example, a calcium channel blocker, a potassium channel activator, a cholesterol re- 
ducing agent, etc. 

The dual inhibitors of formula I or a pharmaceutically acceptable salt thereof and other pharmaceutically 
acceptable ingredients can be formulated for the above described pharmacetical uses. Suitable compositions 
for oral administration include tablets, capsules, and elixirs, and suitable compositions for parenteral admin- 
30 istration include sterile solutions and suspensions. About 10 to 500 mg. of active ingredient is compounded 
with physiologically acceptable vehicle, carrier, excipient, binder, preservative, stabilizer, flavoring, etc., in a 
unit dose form as called for by accepted pharmaceutical practice. 

Preferred compounds of this invention with respect to the mercapto containing sidechain portion of for- 
mula I, i.e. 



35 




(CH 2 ) n — 



\ 



o 

II 

c 



40 



/ 

R 19 



45 



include those wherein: 
R, is hydrogen, 



O 



50 




55 



or R 18 -S-, 

R 3 is lower alkyl of 1 to 4 carbons or phenyl, 
R 18 is lower alkyl of 1 to 4 carbons, 
n is zero or one, 

R 2 is ary1-CH r , substituted aryl-CrV, heteroaryl-CH 2 -, or straight or branched chain alkyl of 1 to 7 car- 



bons, and 



R 19 is hydrogen. 
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Most preferred are the above mercapto containing sidechains wherein: 
R, is hydrogen or 

r 

H 3 C C 



especially hydrogen; 
n is zero; and 

R 2 is benzyl, (2-thienyl)methyl, or straight or branched chain alkyi of 1 to 5 carbons, especially benzyl. 
Preferred compounds of this invention with respect to X, include those of formula III wherein: 
q is one or two; 

R4 is hydrogen, methyl, or phenyl; 
R5 is hydrogen; 

Re and R 7 are both hydrogen or are both methyl, or R« is lower alkyl of 1 to 4 carbons, mono substituted 
lower alkyl of 1 to 4 carbons, or alkenyl of 3 to 5 carbons having one double bond and R 7 is hydrogen or Re 
and R 7 taken together with the carbon to which they are attached complete a cycloalkyl of 3 to 5 carbons; 

R 10 and R n are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 

b is zero or one; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are the above compounds of formula III wherein: 
q is two; 

R4 and R5 are both hydrogen; 

Re and R 7 are both methyl or R« is propyl, allyl, or 2-hydroxyethyl and R 7 is hydrogen; 
b is zero; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is methyl; and 
R 12 is hydrogen. 

Preferred compounds of this invention with respect to X, include those of formula IV wherein: 
r is one; 
s is zero; 

Re is hydrogen, phenyl, or lower alkyl of 1 to 4 carbons; 
R 9 is hydrogen; 

Re and R 7 are both hydrogen or are both methyl or Re is lower alkyl of 1 to 4 carbons or phenyl and R 7 
is hydrogen; 

R 10 and Rn are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are the above compounds of formula IV wherein: 
Re is hydrogen or phenyl; 

Re and R 7 are both hydrogen or Re is phenyl and R 7 is hydrogen; 
R 10 , Rn and R 12 are all hydrogen. 
Preferred compounds of this invention with respect to X, include those of formula V wherein: 
s is zero; 
t is one or two; 

Re and R 7 are both hydrogen or are both methyl or Re is lower alkyl of 1 to 4 carbons or phenyl and R 7 
is hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are the above compounds of formula V wherein: 
t is two; 

Re is phenyl and R 7 is hydrogen; and 
R10. Rn. and R 12 are all hydrogen. 
Preferred compounds of this invention with respect to include those of formula VI wherein: 
is O, S, or CH 2 ; 

Re and R 7 are both hydrogen or Re is lower alkyi of 1 to 4 carbons and R 7 is hydrogen; 
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R 10 and R n are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
Most preferred are those above compounds of formula VI wherein: 
5 is CH 2 ; 

Re and R 7 are both hydrogen; and 
Rio. Rn. and R 12 are all hydrogen. 
Preferred compounds of this invention with respect to X 1 includes those of formula VII wherein: 
Y 4 is -CH 2 -; 
10 Re and R 7 are both hydrogen; 

R 10 and R„ are both hydrogen orone is hydrogen and the other is lower alkyl of 1 to 4 carbons, especially 
where both are hydrogen; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 
15 Preferred compounds of this invention with respect to X, include those of formula VIII wherein: 

R« and R 7 are both hydrogen or one is hydrogen and the other is lower alkyi of 1 to 4 carbons; 
R 10 and R n are both hydrogen orone is hydrogen and the other is lower alkyi of 1 to 4 carbons, especially 
where both are hydrogen; 
b is zero, and 

20 R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

Preferred compounds of this invention with respect to include those of formula IX wherein: 
v is one or two, especially two; 
w is one or two; 
Y 2 is S or CH 2 ; and 

25 R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

Preferred compounds of this invention with respect to X, include those of formula X wherein: 
Y 2 is CH 2 ; 

w is one or two, especially two; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 
30 Preferred compounds of this invention with respect to X, include those of formula XI wherein: 

v is one or two, especially two; 

2 is O or two hydrogens, especially two hydrogens; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 
Preferred compounds of this invention with respect to X, include those of formula XII wherein: 
35 Z is O or two hydrogens, especially O; 

R 17 is lower alkyl of 1 to 4 carbons, especially methyl; 

R 10 and R t1 are both hydrogen or one is hydrogen and the ot her is lower aikyl of 1 to 4 carbons, especially 
where both are hydrogen;; 
b is zero; and 

40 R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

Preferred compounds of this invention with respect to X, include those of formula XIII wherein: 
Y 3 is CH 2 or S t especially CH 2 ; 
R 13 is hydrogen; 

R 10 and R,, are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons, especially 
45 where both are hydrogen; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 
The following examples are illustrative of the invention. Temperatures are given in degrees centigrade. 

50 Example 1 

[3R(S*)]-3,4-Dihydro-3-n2-(merraptom 
5(2H)-acetic acid 

55 a) (S)-2-[(Acetylthk))methyl]benzenepropanoic acid, ephedrine saJt 

A solution of (1 R f 2S)-(-)-«phedrine (1 7.3 g., 105 mmol.) in diethyl ether (175 ml.) was added in one portion 
to a solution of 2-[(acetylthio)-methyl]benzenepropanoic acid (50.0 g., 210 mmol.) in diethyl ether (175 ml.). 
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After standing at room temperature for 1 6 hours, the crystallized ephedrine salt was collected by filtration (19.7 
g.); m.p. 114 - 125°; [a]D = -40.6° (c = 1, methanol). An additional amount of solid [8.9 g. ? m.p. 121 - 126°; [<x] D 
= -47.2°, (c = 1, methanol)] separated from the filtrate after remaining at room temperature for 20 hours. The 
solids were combined and recrystallized from acetonitrile (1500 ml.). After 16 hours at room temperature, 20.8 
s g. of solid was collected; m.p. 125 -130°C; [a] D = -47.5° (c = 1 , methanol). This material was recrystallized in 
the same manner from acetonitrile (300 ml.) to give 18.74 g., m.p. 128 - 130°C; [a] D = -48.9° (c = 1, methanol). 
A third recrystallization from acetonitrile (225 ml.) afforded 17.4 g. of solid (S)-2-[(acetylthio)methyl]-benze- 
nepropionic acid, ephedrine salt; m.p. 128 - 129°; [a] D = 150.1° (c = 1, methanol). 



10 


Anal, calc'd. for C 12 H U 03S • C 10 H 15 NO: 






C.65.48; 


H,7.24; 


N.3.47; 


S.7.95 




Found: 


C.65.46; 


H,7.34; 


N.3.21; 


S.8.00. 
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b) [3R(S*)]-3,4-Dihydrch3-[[2-[(acetylthio)m^ 
5(2H)-acetic acid, ethyl ester 



(S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephedrine salt (3.34 mmoles, 1.01 eq.) was suspended 
in ethyl acetate (65 ml.), washed with dilute HCI (65 ml. water + 4.7 ml. 1.0 N hydrochloric acid then 31 ml. 
water +1.6 ml. 1 .ON hydrochloric acid), brine (10 ml.), dried (anhydrous magnesium sulfate), filtered and evapo- 
rated to dryness. The colorless syrup was dried in vacuo for 1.0 hour to afford a quantitative amount of the 
free acid (836 mg.). 

The free acid was dissolved in dry dimethyfformamide (19 ml), cooled down to 0° (ice-salt bath), treated 
with 1-hydroxybenztriazole hydrate (470 mg., 3.48 mmoles) and 1-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide (690 mg., 3.60 mmoles) and stirred at 0° under argon for 1 .0 hour. The clear 
solution was treated with (R)-3,4-dihydro-3-amino-4-oxo-1,5-benzothiazepine-5(2H)-acetic acid, ethyl ester 
[prepared according to the procedure of Slade et al. v J. Med. Chem. 28, p 1517 - 1521 (1985)] (1.2 g., 3.32 
mmoles) and 4-methylmorpholine (0.37 ml., 3.32 mmoles) and stirring was continued at 0° for 1.0 hour and 
at room temperature for 1.0 hour. The reaction mixture was diluted with ethyl acetate (80 ml.), washed suc- 
cessively with water (12 ml.), 5% potassium bisulfate (12 ml.), water (12 ml.), saturated sodium bicarbonate 
(12 ml.) and brine (12 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in 
vacuo The crude product was chromatographed on a silica gel column (Merck), eluting the column with ethyl 
acetate: hexanes (1:4) to give 1.5 g. of the product as a syrup; R f = 0.68 (ethyl acetate:hexanes, 1:1). 

c) [3R(S*)}-3,4-Dihydro-3-[[2-(mera 
5(2H)-acetic acid 

A solution of the ethyl ester product from part (a) (1.5 g., 2.996 mmoles) in dry methanol (15 ml.) was 
purged with argon for 15 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously 
purged (argon, 30 minutes) solution of 1.0 N sodium hydroxide (12 ml., 4 eq.) maintaining the bubbling of argon 
throughout the addition and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, 
acidified at 0° with 5% potassium bisulfate (50 ml.) to pH 1.0 then extracted with ethyl acetate (2 x 100 ml.). 
The organic extract was washed with brine (25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacuo . The crude product was dissolved in a mixture of methylene chloride (10 ml.) and 
ethyl ether (5.0 ml.) then treated portionwise with hexane (30 ml.), scratching the mixture to form a solid. The 
precipitates were filtered off, washed with hexane (50 ml.) and evaporated from pentane (4 x 50 ml.). The solid 
was then stirred with pentane (50 ml.) for 48 hours at room temperature under argon, filtered and dried in vacuo 
for 6 hours to give 1 .01 g. of the product as an amorphous solid; Rf = 0.62 (methylene chloride:methanol:acetic 
acid, 20:1:1); [a] D = -171.4° (c = 0.74, methanol). 

1H NMR (CDQ 3 ): 2.47-2.90 (m, 6H), 3.84 (dd, 1H), 4.13 (d, 1H, J = 17 Hz), 4.71 (m, 1H), 4,85 (d, 1H, J = 17 
Hz), 6.88 - 7.67 (m, 9H). 
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Anal, calc'd. for C^H^O^: 






C,58.59; 


H.5.15; 


N.6.51; 


S.14.89; 


SH.7.68 


5 


Found: 


C.58.55; 


H.5.35; 


N.6.20; 


S.14.56; 


SH.7.54; 



EXAMPLE 2 

to [R-^S»)]-3,4-Dihydro-3-[(2-mercapto-1-oxo^^^ 
acetic acid 

a) (S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexytamine salt 

15 Sodium nitrite (10.3 g., 280 mmol.) was added to a solution of D-phenylalanine (30.0 g., 181 mmol.) and 

potassium bromide (73.5 g.) in sulfuric acid (2.5 N, 365 ml.) over a period of one hour while maintaining the 
temperature of the reaction mixture at 0°C. The mixture was stirred for an additional hour at 0°C and then for 
one hour at room temperature. The reaction solution was extracted with ether, the ether was back extracted 
with water, and the ether layer was dried over sodium sulfate. Ether was removed in vacuo , and distillation of 

20 the oily residue afforded 25.7 g. of (R)-2-bromo-3-benzenepropanoic acid; b.p. 141° (0.55 mm of Hg.); 
[a] D = +14.5° (c = 2.4, chloroform). 

Amixture of thioacetic acid (7 ml., 97.9 mmol.) and potassium hydroxide (5.48 g., 97.9 mmol.) in acetonitrile 
(180.5 ml.) was stirred under argon at room temperature for 1 3/4 hours. The mixture was cooled in an ice- 
bath, and a solution of (R)-2-bromo-3-benzene propanoic acid (20.4 g., 89 mmol.) in acetonitrile (20 ml.) was 

25 added over a ten minute period. The reaction was stirred under argon at room temperature for 5 hours, filtered, 
and the acetonitrile was removed in vacuo . The oily residue was redissolved in ethyl acetate and washed with 
1 0% potassium bisulfate and water. Removal of the ethyl acetate in vacuo afforded 1 9.6 g. of crude product. 
The crude product was purified via its dicyclohexylamine salt using isopropyl ether as solvent for crystalliza- 
tion. An analytical sample of (S)-2-(acetylthio)benzenepropanoic acid, dicyclohexylamine salt was prepared 

30 by recrystallization from ethyl acetate; m.p. 146-147°; [ctJ D = -39.6° (c = 1 .39, chloroform). 





Anal, calc'd. for C 11 H 12 0 3 S ■ C^H^N: 






C.68.11; 


H.8.70; 


N,3.45; 


S.7.91 


35 


Found: 


C67.93; 


H.8.71; 


N.3.37; 


S.7.94. 



b) [R-(R%S*)]-3,4-Dihydro-3-[(2-(acetylth^ 

acetic acid, ethy l ester 
40 1 

A suspension of (S)-2-(acety1thio)benzenepropanoic acid, dicyclohexylamine salt (1,76 g., 4.34 mmoles, 
1.01 eq.) was suspended in ethyl acetate (123 ml.), washed with 5% potassium bisulfate (5 x 19 ml.) and brine 
(25 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . 

The free acid was dissolved in dry methylene chloride (25 ml.), cooled down to 0° (ice-salt bath), treated 

45 with 1-hydroxybenztriazole hydrate (611 mg. , 4.52 mmoles) and 1-ethyl-3-(3-(dimethylaminopropy1)- 
carbodiimide (897 mg., 4.68 mmoles) and stirred at 0° for 1.0 hour. The solution was treated with (R)-3,4-di- 
hydro-3-amino-4-oxo-1,5-benzothiazepine-5(2H)-acetic acid, ethyl ester [prepared according to the Proce- 
dure of Slade et al. ( J. Med. Chem., Vol. 28, p 1517 - 1521(1985)] (1.55 g., 4.29 mmoles) and 4-methylmor- 
pholine (0.48 ml., 4.37 mmoles) and stirring was continued at 0° for 1.0 hour and at room temperature for 1.0 

50 hour. The reaction mixture was diluted with ethyl acetate (104 ml.) , washed successively with water (16 ml.), 
5% potassium bisulfate (2 x 16 ml.), saturated sodium bicarbonate (16 ml.) and brine (16 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromato- 
graphed on a silica gel column (Merck), eluting the column with ethyl acetate: hexane (1:4) to give 1.347 g. of 
product as a syrup; Rf = 0.80 (ethyl acetate:hexane, 1:1). 
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c) [R-(R»,S*)]-3,4-Dihydro-3-[(2-merca^^ 
acetic acid 

Asolution of the ethyl ester product of part (b) (1.347 g., 2.768 mmoles) in methanol (14 ml.) was purged 
5 with argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged 
(argon, 30 minutes) solution of 1.0 N sodium hydroxide (11 ml., 4 eq.) maintaining the bubbling of argon 
throughout the addition and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, 
acidified at 0° with 5% potassium bisulfate (46 ml.) to pH 2.0 then extracted with ethyl acetate (2 x 100 ml.). 
The organic extracts were washed with brine (25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated 
10 to dryness and dried in vacuo . The crude product was dissolved in methylene chloride (10 ml.) and treated 
portionwise with hexane (50 ml.), scratching the mixture to form a solid. The supernatant was decanted and 
the solids triturated with additional hexane (50 ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. 
of pentane for 4 hours and the next 100 ml. overnight under argon. The product obtained was then dried in 
vacuo for 1 2 hours to give 1 .048 g. of product as an amorphous solid; R* = 0.57 (methylene chloride:methanol: 
15 acetic acid, 20:1:1); [a] D = -169.9° (c = 0.61, methanol). 

1H NMR (CDCI 3 ): 1.99(d,1H), 2.76 (t, 1H, J = 11Hz), 3.10 (m, 2H), 3.54 (m, 1H), 3.76 (m, 1H), 4.10 (d. 1H, J 
= 17 Hz) 4.65 (m, 1H), 4.86 (d, 1H, J = 17 Hz), 7.12 - 7.68 (m, 9H). 





Anal, calc'd. for C^H^N^S • 0.17 C 5 H 12 • 0.52 H 2 0: 
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C.57.15; 


H,5.30; 


N.6.40; 


S.14.64; 


SH.7.55 




Found: 


C57.15; 


H.4.99; 


N,6.14; 


S.14.72; 


SH.8.02. 



EXAMPLE 3 

(S,S)-1,3,4,5-Tetrahydro-4-[[2-(mera 
acetic acid 

a) N-(N-Phthaloyl-L-phenylalanyl)glycine, ethyl ester 

Hydroxybenztriazole hydrate (1.42 g., 10.5 mmol.) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (2.10 g., 11,0 mmol) were added to a solution of N-phthaloyl-L-phenylalaninamide (2.95 g„ 10.0 
mmol.) in dry methylene chloride (30 ml.) at 0° under argon. After stirring at 0°C for 30 minutes, the resulting 
mixture was treated with glycine, ethyl ester, hydrochloride (1.675 g., 12.0 mmol.) and N-methylmorpholine 
(1.32 ml., 12.0 mmol). After stirring at 0°C for 1 hour and at room temperature for 3 hours, the mixture was 
partitioned between ethyl acetate-5% potassium bisulfate. The organic phase was washed successively with 
5% potassium bisulfate, saturated sodium bicarbonate and saturated sodium chloride solutions; dried (sodium 
sulfate) and evaporated to dryness. Trituration of the crude product with ethyl ether gave 3.542 g. of product 
as a white, crystalline solid; m.p 158-159°C; R, = 0.33 (acetone: hexane, 2:3); [a] D = -99.7° (c = 0.61, chloro- 
form). 

b) (S)-1,3,4,5-Tetrahydro-4-phthalimido-3-oxo-2H-2- benzazepine-2-acetic acid, ethyl ester 

A mixture of phosphorus pentoxide (9.6 g, 68 mmol) and 85% phosphoric acid (6.0 ml) was heated with 
stirring until all of the phosphorus pentoxide had dissolved. The resulting viscous liquid was taken up in glacial 
acetic acid (36 ml), treated successively with N-(N-phthaloyl-L-phenylalany1)glycine, ethyl ester (2.241 g., 5.90 
mmol.) and trioxane (0.75 g., 8.3 mmol.), and heated at80°C (bath temperature) under an argon atmosphere. 
After stirring at 80°C for 6.5 hours the mixture was treated with an additional portion of trioxane (0.75 g, 8.3 
mmol). After stirring at 80°C for an additional 16 hours, the reaction was quenched with an ice-water mixture 
and extracted with ethyl acetate. The ethyl acetate extract was washed with water (3X), saturated sodium bi- 
carbonate (until washes were basic) and saturated sodium chloride solutions, dried (sodium sulfate) and 
evaporated to dryness. The crude product was purified by flash chromatography on silica gel (Whatmann LPS- 
1) eluting with ethyl acetate- hexane (35:65) to give 1.718 g. of product as a colorless foam; R, = 0.38 (ethyl 
acetate:toluene, 3:7). 
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c) (S)-1 ,3,4 1 5-Tetrahydro^-[[(phenyimethoxy)carbonyl]amino]-3-oxo-2H-2-benzazepine>2-acetic acid, ethyl 
ester 

A solution of (S)-1,3,4,5-tetrahydro-4-phthalimido-3-oxo-2H-2-benzazepine-2-acetic acid, ethyl ester 
5 (1 .67 g. f 4.26 mmol.) in 1.0 M hydrazine hydrate in ethanol (9.0 ml., 9.0 mmoi.) was stirred at room temperature 
under argon for 36 hours. The mixture was diluted with an equal volume of ethyl acetate, filtered and filtrate 
evaporated to dryness. The residue was taken up in toluene and again evaporated to dryness. The colorless, 
semi-solid residue (1 .81 g.) was taken up in dry methylene chloride (20 ml.), placed in an ice bath and treated 
successively with triethylamine (0.80 ml., 5.8 mmol.) and benzyichloroformate (0.77 ml., 5.4 mmol.). After stir- 
to ring at 0°C for 2 hours, the mixture was partitioned between ethyl acetate-5% potassium bisulfate. The organic 
phase was washed successively with 5% potassium bisulfate, saturated sodium bicarbonate and saturated 
sodium chloride solutions, dried (sodium sulfate), and evaporated to dryness. Purification of the crude product 
by flash chromatography on silica gel (Whatmann LPS-1) eluting with ethyl acetate :hexane (1:2) gave 1.0747 
g. of product as a colorless foam; R, = 0.52 (ethyl acetate:toluene, 3:7). A sample crystallized from hexane 
15 had m.p. 80 -82°C; [ct] 0 = +87.2° (c = 0.53, chloroform). 

d) (S)-1,3,4,5-Tetrahydro-4-amino-3"Oxo-2H-2-benzazepine-2-acetic acid, ethyl ester 

20% Palladium hydroxide/carbon catalyst was added to a solution of (S)-1,3,4,5-tetrahydro-4-[[(phenyl- 
20 methoxy)carbonyl]amino]-3-oxo-2H-2-benzazepine-2-acetic acid, ethyl ester (1.037 g., 2.62 mmole) in abso- 
lute ethanol (20 ml.) and the resulting suspension was stirred under a hydrogen atmosphere (balloon) for 2 
hours. The mixture was filtered through Celite and filtrate was evaporated to dryness. The semi-solid residue 
was triturated with hexane to give 0.63 g. of product as a white, crystalline solid; m.p. 71-73° C; Rf = 0.38 (me- 
thanokmethylene chloride, 1:9); [<x] D = 77.5° (C = 0.59, chloroform). 

25 

e) (S,S)-1,3,4,5-Tetrahydrc>-4-[I2-[(acetylthio)methyl]-1-oxo-3-phenylpropyl]amino]-3-oxo-2H-2-be 
pine-2-acetic acid, ethyl ester 

(S)-2-[(Acetyithio)methyl]benzenepropanoic acid (obtained from the ephedrine salt as described previous- 
30 ly) was reacted with the product from part (b) according to the procedure of Example 1 part (b), affording the 
title product as a colorless foam; R, = 0.30 (ethyl acetate:hexane; 1:1). 

f) (S,S)-1,3,4,5-Tetrahydro-4-[[2-(merraptom 
2-acetic acid 

35 

A solution of the product from part (e) in methanol was treated with 1N sodium hydroxide according to 
the procedure of Example 1 part (c) to give the title product as a white solid; m. p. 149 - 151°C (decomp). Rf 
= 0.47 (methylene chloride:acetic acid:methanol, 20:1:1); [a] D = +112.2° (c « 0.58, methanol) 



40 


Anal, calc'd. for C22H24N2O4S: 






C64.06; 


H.5.86; 


N.6.79; 


S.7.77; 


SH.8.02 




Found: 


C64.20; 


H.6.09; 


N.6.43; 


SJ.68; 


SH,8.33. 



45 

EXAMPLE 4 



(S,S)-1,3,4,5-Tetrahydro-4-[(2-mercapt^ 
acid 

a) (S,S)-1,3,4,5-Tetrahydro-4-[I2-(aretylt^ 
ic acid, ethyl ester 

(S)-2-(Acetyithio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as described previ- 
ously) was reacted with the product from Example 3 part (d) according to the procedure of Example 2 part (b) 
affording the title product as a colorless foam; Rf = 0.35 (ethyl acetate:hexane, 1:1). 
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b) (S,S)-1 t 3,4,5-Tetrahydro-4-[(2-mercapt^ 
acid 

A solution of the product from part (a) in methanol was treated with 1N sodium hydroxide according to 
5 the procedure of Example 2 part (c), affording the title product as a white solid; m.p. 181 - 183° (decomposi- 
tion); Rf = 0.49 (methylene chloride:acetic acid:methanol, 20:1:1); [<x] D = +103.4° (C = 0.57, methanol). 





Anal, calc'd. for C21H22N2O4S : 


10 




C.63.30; 


H.5.56; 


N.7.03; 


S.8.05; 


SH.8.30; 




Found: 


C63.35; 


H.5.65; 


N.6.87; 


S.8.07; 


SH.9.40. 



EXAMPLE 5 
15 

[S-(R\R*)>2,3,4,5-Tetrahydrc~3-Q2-(mer^^ benzaze- 
pine-1-acetic acid 

a) [S-(R*,R*)]-2,3 t 4 t 5-Tetrahydro-3-[[2- [(acetylthio)methyl]-1-oxo-3-phenylpropyl1amino]-2- oxo-1 H-benza- 
20 zepine-1 -acetic acid, ethyl ester 

(S)-2-[(Acety1thio)methyl]benzenepropanoic acid, ephedrine salt (1.547 g., 3.83 mmoles, 1.01 eq.) was 
suspended in ethyl acetate (72 ml.), washed with dilute hydrochloric acid (72 ml. water + 5.4 ml. 1.0 N hydro- 
chloric acid then 36 ml. water + 1.8 ml. 1.0 N hydrochloric acid), brine (12 ml.), dried (anhydrous magnesium 

25 sulfate), filtered and evaporated to dryness. The colorless syrup was dried in vacuo for 1 .0 hour to give 1 .062 
g.of (S)-2-[(acetyithio)methyl]benzenepropanoic acid. 

The free acid was dissolved in dry dimethylformamide (21 .8 ml), cooled down to 0° (ice-salt bath), treated 
with 1 -hydroxy benztriazole hydrate (540 mg., 3.99 mmoles) and 1-ethyl-3-(3- 
dimethylaminopropylcarbodiimide (792 mg., 4.1 3 mmoles) and stirred at 0° under argon for 1 .0 hour. The clear 

30 solution was treated with (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-1H-benzazepine-1-acetic acid, ethyl ester 
[prepared as described by Watt hey et al., J. Med. Chem.,28, p. 1511 - 1516 (1985)] (1.0 g., 3.81 mmoles) and 
stirring was continued at 0° for 1 .0 hour and at room temperature for 1 .0 hour. The reaction mixture was diluted 
with ethyl acetate (100 ml.), washed successively with water (15 ml.), 5% potassium bisulfate (2x15 ml.), satu- 
rated sodium bicarbonate (1 5 ml.) and brine (15 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated 

35 to dryness and dried in vacuo . The crude product was chromatographed on a silica gel column (Merck), eluting 
the column with ethyl acetate: hexane mixtures (1:4; 1:2) to give 1 .725 g.of product as a syrup; R, = 0.42 (ethyl 
acetate:hexane, 1:1). 

b) [S-^R*)]-2,3,4,5-Tetrahydro-3-[[2-(m^ 
40 pine- 1 -acetic acid 

A solution of the ethyl ester product from part (a) (1.725 g., 3.574 mmoles) in methanol (18.0 ml.) was 
purged with argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously 
purged (argon, 30 minutes) solution of 1.0 N sodium hydroxide (14.3 ml., 4 eq.) maintaining the bubbling of 

45 argon throughout the addition and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 
hour, acidified at 0° with 5% potassium bisulfate (60 ml.) to pH 1.0 then extracted with ethyl acetate (2 x 120 
ml.). The organic extracts were washed with brine (30 ml.), dried (anhydrous sodium sulfate), filtered, and 
evaporated to dryness. The crude product was dissolved in methylene chloride (10 ml.) and treated portion wise 
with hexane (50 ml.), scratching the mixture to form a solid. The supernatant was decanted and the solids 

50 triturated with additional hexane (2 x 50 ml.) and pentane (2x100 ml.), stirring with the first 1 00 ml. of pentane 
for 4.0 hours and the next 100 ml. overnight under argon. The product obtained was then dried in vacuo for 
1 2 hours to give 1 .438 g. of product as an amorphous solid R, = 0.53 (methylene chloride:methanol:acetic acid, 
20:1:1); 

[a] D = -140.4° (c = 0.76, methanol) 
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Anal. calcU for C22H24N2O4S 0.11 C 5 H 12 ; 



C.64.42; 


H.6.07; 


N.6.66; 


SJ.63; 


C.64.07; 


H,6.13; 


N,6.34; 


S.7.25 



1NMR(CDCI 3 ) 1.42 (t, 1H), 1.95 (m, 1H), 2.44 - 2.90 (m, 7H), 3.27 (m, 1H), 4.37 (d, 1H, J = 17 Hz), 4.52 (m, 
1H), 4.67 (d, 1H, J = 17 Hz), 6.86 - 8.00 (m, 9H). 

to EXAMPLE 6 

[S-(R\R*)]-2,3A5-Tetrahydro-3-[(2-merrapt^ 
ic acid 

15 a) [S-^R>2,3,4,5-Tetrahydro-3-g2-fc^ 
acetic acid, ethyl ester 

A suspension of (S)-2-(acetylthio) benzenepropanoic acid, dicydohexylamine salt (1 .70 g., 4.19 mmoles) 
was suspended in ethyl acetate (120 ml.), washed with 5% potassium bisulfate (5 x 20 ml.) and brine (25 ml), 
20 dried (anhydrous magnesium sulfate, filtered, evaporated to dryness and dried in vacuo to give 954 mg. of the 
free acid as a syrup. 

This free acid was dissolved in dry methylene chloride (25 ml.) and cooled down to 0° (ice-salt bath) treated 
with 1 -hydroxy benztriazole hydrate (594 mg., 4.40 mmoles) and 1-ethy1-3-(3- 
dimethylaminopropyl)carbodidimide (870 mg. t 4.54 mmoles) and stirred at 0° for 1.0 hour. The solution was 

25 treated with a solution of (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-1H-benzazepine-1-acetic acid, ethyi ester 
[prepared as described by Watthey et a!., J. Med. Chem., 28, p 1511 - 1516 (1985)] (1.0 g., 3.81 mmoles) in 
dry methylene chloride (10 ml.) and stirring was continued at 0° for 1.0 hour and at room temperature for 1.5 
hours. The reaction mixture was diluted with ethyl acetate (100 ml.), washed successively with water (1 5 ml.), 
5% potassium bisulfate (2x15 ml.), saturated sodium bisulfate (15 ml.) and brine (15 ml.), dried (anhydrous 

30 sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed 
on a silica gel column (Merck), eluting the column with ethyl acetateihexane mixtures (1:4; 1:2) to give 1.632 
g. of product as a syrup. An additional 127 mg. of the isomer mixture (1:1 ratio) was also obtained from the 
column; R f = 0.50 (ethyl acetate:hexane, 1:1). 

35 b) [S-^R*)]-2,3,4,5-Tetrahydro-3-[(2-mera^ 
acetic acid 

A solution of the ethyl ester product from part (a) (1.57 g., 3.35 mmoles) in methanol (1 7.0 ml.) was purged 
with argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged 

40 (argon, 30 minutes) solution of 1.0 N sodium hydroxide (13.4 ml., 4.0 eq.) maintaining the bubbling of argon 
throughout the addition and length of the reaction. The reaction mixture was stirred at0° for 1.0 hour, acidified 
at 0° with 5% potassium bisulfate (60 ml.) to pH 1 .0 then extracted with ethyl acetate (2x110 ml.). The organic 
extracts were washed with brine (30 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness 
and dried in vacuo . The crude product was dissolved in methylene chloride (10 ml.) and treated portionwise 

45 with hexane (50 ml.), scratching the mixture to form a solid. The supernatant was decanted and the solids 
triturated with additional hexane (2 x 50 ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. of pentane 
for 4 hours and the next 100 ml. overnight under argon. The product obtained was then dried in vacuo for 12 
hours to give 1.237 g. of product; R, = 0.58 (methylene chloride:methanol:acetic acid, 20:1:1); 



[a] D = -155.5° (c = 0.73, methanol). 



50 


Anal, calc'd. for C^H^ N 2 0 4 S • 0.1 C 5 H 12 ■ 0.18 H 2 0: 






C.63.14 


H,5.81; 


N.6.85; 


S.7.84; 


SH.8.09 




Found: 


C.63.14; 


H.5.85; 


N.6.58; 


SJ.50; 


SH.7.05. 



55 



1H-NMR-(CDCI 3 ): 1.88 (m, 1H), 1.97 (d,1H), 2.62 (m,2H), 3.07 (m, 2H), 3.25 (m, 1H), 3.51 (m, 1H), 4.39 (d, 
1H, J = 17 Hz), 4.45 (m, 1H), 4.64 (m, 1H, J = 17 Hz), 7.07 - 7.41 (m, 9H). 
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Example 7 

[2S-[2a,5a(R*)]]-5,6-Dihydro-5-p^ 
3(4H)-acetic acid 

5 

a) (2S-cis)-5,6-Dihydro-5-phthaHmido-4-oxO"2-phenyl-2H" 1,3-thiazine-3(4H)-acetic acid, ethyl ester 

Following the procedure of U.S. Patent 4,460,579 Example 1(a) through 1(c), 15.6g. t of thediastereomeric 
product mixture was obtained. The mixture was refluxed in ether (500 ml.) for 4 hours, cooled in an ice-bath, 
10 and filtered to yield 5.9 g. of (2R-trans)-5,6-dihydro-5-phthalimido-4-oxo-2-phenyl-2H-1,3-thiazine-3(4H)- 
acetic acid, ethyl ester; m.p. 166 - 168°C; R f = 0.40 (hexanes:ethyl acetate, 1 :1); [a] D = -72-9° (c = 1 , chloro- 
form). 





Anal, calc'd. for C22H20N2O5S: 


15 




C62.25 


H,4.75; 


N,6.60; 


S.7.77 




Found: 


C.62.21 


H,4.82; 


N.6.63; 


S.7.52. 



Trituration of the remainder of the product mixture with refluxing ether (125 ml.) afforded a second batch 
of 0.9 g. of the (2R-trans) isomer product The residue was triturated again with refluxing ether to give 0.75 
g. of insoluble substance [largely (2R-trans) isomer] and 7.1 g. of material enriched in (2S-cis) isomer. 6.0 g. 
of the enriched (2S-cis) isomer material was chromatographed on two connected Waters Prep L C columns 
and eluted with hexanes:ethyl acetate (3:1). Pooling of the product containing fractions yielded 4.8 g. of (2S- 
cis)-5,6-dihydro-5-phthalimido-4-oxo-2-phenyl-2H-1 ,3-thiazine-3(4H)-acetic acid, ethyl ester, m. p. 66 - 68°C; 
[<x] D = -101.2°. TLC same as isomer A. 



Anal, calc'd. for C22H20N2O5S ■ 0.2 H 2 0: 


Found: 


C,61.83; 
C.61.83; 


H.4.79; 
H.5.07; 


N.6.55; 
N,6.25; 


S.7.50 
S.7.42. 



b) (2S-cis)-5,6-Dihydro-5-amino-4-oxo-2-phenyl-2H-1,3-thiazine-3(4H)-acetic acid, ethyl ester 

35 

A solution of the (2S-cis) isomer product from part (a) (approximately 85% diastereomerically pure, 3.03 
g., 7.1 mmol.) in chloroform (15 ml.) was treated with methyl hydrazine (850 ul. f 736 mg., 16.0 mmol.). After 
stirring at room temperature for 24 hours, the mixture was diluted with ethyl acetate and ethyl ether and fil- 
tered. The filtrate was extracted twice with 0.5 N hydrochloric acid and the pooled aqueous extracts were made 
40 basic with 1 N sodium hydroxide. The aqueous mixture was extracted three times with methylene chloride 
and the pooled methylene chloride extracts were dried (sodium sulfate), filtered, and stripped to give 1.648 
g., of product as a pale yellow oil; R f = 0.43 ( methylene chloride:acetic acid:methanol, 8:1:1). NMR analysis 
showed the product was obtained in approximately 84% diastereomeric purity. 

45 c) [2S-[2a,5g(R*)]]-5,6-Dihydro-5^ 
zine-3(4H)acetic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.318 g., 3.25 mmol.) was partitioned 
between ethyl acetate and 5% potassium bisulfate. The ethyi acetate layer was washed with water and brine, 

50 then dried (sodium sulfate), filtered and stripped to give the free acid as a colorless oil. A mixture of acid this 
free acid and the (2S-cis) productfrom part (b) (84% diastereomeric purity, 960 mg., 3.26 mmol.) was dissolved 
in methylene chloride (25 ml.) and treated with 1-hydroxybenztriazole hydrate (622 mg., 4.6 mmol.) then cooled 
to -10°C. The mixture was subsequently treated with 1-ethyl-3-(3-dimethyl-aminopropyl)-carbodiimide (687 
mg., 3.58 mmol.). After slowly warming to 0°C over a one hour period, the mixture was subsequently warmed 

55 to room temperature. After 4 hours, the solution was diluted with ethyl acetate and washed successively with 
water, 5% potassium bisulfate, water, saturated sodium bicarbonate, and brine, then dried (sodium sulfate), 
filtered, and stripped. The residue was flash chromatographed (Merck silica gel, 1 :1-ethyl acetate:hexane) to 
give 804 mg. of product as a colorless foam; R, = 0.33 (50% ethyl acetate in hexanes). NMR analysis indicated 
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the material was 91% diastereomerically pure with respect to acetylthio center. 

d) [2S-[2a,5a(R*)]]-5,6-Dihydro-5-[(2-mercap^^ 
zine-3(4H)-acetic acid 

5 

A solution of the ethyl ester product from part (c) (500 mg. p 1.0 mmol.) in methanol (5 ml., deoxygenated 
via argon bubbling) at 0°C was treated with ice cold 1 N sodium hydroxide (5 ml., deoxygenated via argon bub- 
bling) and the resulting mixture was stirred at 0°C under argon for 30 minutes. The solution was acidified with 
1 0% potassium bisulfate (1 5 ml.), diluted with water and extracted with ethyl acetate. The ethyl acetate extract 

w was washed with water and brine, then dried (sodium sulfate), filtered and stripped to afford an oil/foam. This 
material was flash chromatographed (Merck silica gel, 20:1:1 -methylene chloride:methanol:acetic acid). The 
fractions containing the product were pooled and stripped, and the residue was taken up in ethyl acetate and 
washed successively with water, 0.5 N hydrochloric acid, and brine, then dried (sodium sulfate), filtered and 
stripped again. The resulting oil was dissolved in a small amount of ethyl acetate and ethyl ether and triturated 

15 with hexane. The mixture was stripped to dryness, slurried in hexane, stripped to dryness again, and dried in 
vacuo to give 392 mg., of product as a white foam; R, = 0.24 (methylene chloride:methanol:acetic acid, 20:1:1); 
[ a ] D = -13.2° (c = 0.5, chloroform). 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 90% water- 10% methanol-0.2% phosphoric 
acid and 56% B: 10% water- 90% methanol-0.2% phosphoric acid; flow rate 1.5 ml/min detecting at 220 nm; 



20 t R - 26.22 min. and t R = 24.64 min (9.3% 5a(S*) isomer). 





Anal, calc'd. for C21H22N2O4S2 • 0.17H 2 O: 






C58.18; 


H.5.19; 


N.6.46; 


S.14.79; 


SH,7,63 


25 


Found: 


C.58.20; 


H,5.51; 


N.6.44; 


S.14.46; 


SH.6.60. 



EXAMPLE 8 

[2S-[2a,5a(R*)]]-5,6-Dihydro-5-^ 
thiazine-3(4H)-acetic acid 

a) [2S-[2a-5a(R*)]3-5,6-Pihydro-5^ 
2H-1,3-thiazine-3(4H)-acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephedrine salt as described previous- 
ly) was reacted with the product from Example 7 part (b) according to the procedure of Example 1 part (b), 
affording the title product as a white foam; R f = 0.29 (50% ethyi acetate in hexanes). 
NMR analysis indicated that the product was diastereomerically pure. 

b) [2S-[2a,5a(R*)]]-5,6-Pihydro-5-rc2-(m^ 
1,3-thiazine-3(4H)-acetic acid 

A solution of the product from part (a) in methanol was treated with 1N sodium hydroxide according to 
the procedure of Example 1 part (c), affording the title product as a relatively hard white foam; 
R, = 0.29 (methylene chloride:methanol:acetic acid, 20:1:1); [a] D = +42.9° (c = 1.0, chloroform). 
HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A 90% water-10% methanol-0.2% phosphoric 
acic and 56% B: 10% water-90% methanol-0.2% phosphoric acid; flow rate 1.5 ml/min detecting at 220 nm; 
t* = 33.45 min (99.1%). 





Anal, calc'd. for C22H24N204S 2 : 






C.59.44; 


H.5.44; 


N.6.30; 


S.14.42; 


SH,7.44 


55 


Found: 


C59.63; 


H.5.84; 


N.5.99; 


S.14.54; 


SH.6.83. 
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EXAMPLE 9 

(S,S)-Hexahydro-3-[[2-(merraptometh^ acid 

5 a) N^[(1,1-Dimethylethoxy)c^rbonyl]-N 6 >[(phenylmethoxy)carbonyll-L-lysine, methyl ester 

Cesium carbonate (4.28 g., 13.1 mmoles) was added to a mixture of N^KLI-dimethylethoxyJcarbonyl]- 
N 6 -[(phenylmethoxy)carbonyl]-L-lysine (10 g., 26.3 mmoles) and 20 % water-methanol (60 ml.). The solution 
became homogeneous within 5 minutes so the solvent was stripped and the residual water removed azeo- 

10 tropically with acetonitrile (3x). The resulting oil was dried in vacuo , dissolved in dry dimethyl-formamkJe and 
treated with methyl iodide (3.2 ml., 2.0 eq.). The reaction mixture was stirred at room temperature for 1 .5 hours 
under argon, diluted with ethyl acetate (200 ml.) and washed successively with water (2 x 25 ml.), saturated 
sodium bicarbonate (25 ml.) and brine (25 ml.). The organic phase was dried (anhydrous magnesium sulfate), 
filtered, evaporated to dryness and dried in vacuo to give 10.1 1 g., of product as a light yellow syrup; Rf = 0.30 

15 (ethyl acetate:hexanes, 1:2). 

b) (S)-3"[[(1,1-Dimethylethoxy)carbonyi]amino]-hexahydro>2H-azepin-2-one 

A solution of the methyl ester product from part (a) (8.532 g„ 21.63 mmoles) in dry methanol (100 ml.) 

20 was treated with 1 0% palladium on carbon catalyst (2.1 3 g.) and hydrogenated at 50 psi for 2 hours. The mixture 
was diluted with methanol (100 ml.) and filtered through a celite pad in a millipore unit, washing the pad well 
with methanol (3 x 100 ml.). The clear filtrate was evaporated to dryness, dried in vacuo and the resulting oil 
was dissolved in dry xylene (70 ml.). The solution was refluxed under argon for 20 hours, cooled down to room 
temperature, diluted with ethyl acetate (425 ml.), and washed successively with 5% potassium bisulfate (85 

25 ml.), saturated sodium bicarbonate (85 ml.) and brine (85 ml.). The organic phase was dried (magnesium sul- 
fate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica 
gel column (Merck), eluting the column with ethyl acetate: hexane (1:1) to give 2.76 g. of product as a white 
solid; m. p. 146-147°; R f = 0.58 (ethyl acetate); [a] D = +4.5° (c = 1.0, methanol). 



30 


Anal, calc'd. for CHH20N2O3: 






C.57.87; 


H,8.83; 


N.12.27 




Found: 


C.58.12; 


H,8.63; 


N.12.26. 



35 

c) (S)-3-[[(1.1-Dimethylethoxy)carbonyl]amino]>hexahydro-2-oxo-1H-azepine-1-acetic acid, ethyl ester 

A suspension of the 2H-azepine-2-one product from part (b) (2.966 g., 12.99 mmoles) in dry tetrahydro- 
furan (21.0 ml.) was treated with 1.0 M potassium t-butoxide/tetrahydrofuran (16.9 ml., 1.3 eq.) and stirred 

40 under argon at room temperature for 5 minutes. The clear light brown solution was treated dropwise with ethyl 
bromoacetate (2.34 ml., 1.7 eq.) f stirred at room temperature for 1.0 hour then diluted with ethyl acetate (100 
ml.). The mixture was washed with saturated sodium bicarbonate (20 ml.), 5 % potassium bisulfate (15 ml.) 
and brine (15 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . 
The crude product was chromatographed on a silica gel column (Merck), eluting the column with hexane and 

45 ethyl acetate:hexane mixtures (1 :6; 1 :3) to give 3.387 g. of product as a syrup; Rf = 0.55 (ethyl acetate: hexane, 
1:1) 

d) (S)-3-Amino-hexahydro-2-oxo-1H-azepine-1 -acetic acid, ethyl ester, hydrochloride salt 

50 

A solution of the ethyl ester product from part (c) (3,278 g., 10.13 mmoles) in dry dioxane (80 ml.) was 
treated with 4.0 M hydrochloric acid/dioxane (31 ml., 0.124 mole, 12 eq.) and stirred at room temperature under 
argon for 20 hours. The reaction mixture was stripped to dryness, evaporating the product several times from 
ether, then dried in vacuo to give 2.541 g. of product as a white crystalline hygroscopic solid; R, = 0.32 (me- 
thylene chloride:methanol:acetic acid, 8:1:1). 
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10 



15 



e) (S.S)-H[2-[(Acetylthio)methyl]-1-o^ ac ' d » etnv> ester 

(S)-2-[(Acety1thio)methyl]benzenepropanoic acid, ephedrine salt (1.625 g., 4.028 mmoles, 1.01 eq.) was 
suspended in ethyl acetate (75 ml.), washed with dilute hydrochloric acid (75 ml. water + 5.7 ml. 1.0 N hydro- 
chloric acid then 40 ml. water + 1 .9 ml. 1 .0 N hydrochloric acid), brine (1 5 ml.), dried (anhydrous sodium sulfate), 
filtered and evaporated to dryness. The colorless syrup was dried in vacuo for 1 .0 hour to afford 1.05 g.of the 
free acid. 

This free acid was dissolved in dry dimethylformamide (25 ml.), cooled down to 0° (ice-salt bath), treated 
with 1 -hydroxy benztriazole hydrate (567 mg.,4.20 mmoles) and 1-ethyl-3-(3- 
dimethylaminopropylcarbodiimide (832 mg.,4.34 mmoles) and stirred at 0° under argon for 1 .0 hour. The clear 
solution was treated with a solution of the ethyl ester hydrochloride salt product of part (d) (1.0 g., 3.988 
mmoles) in dry dimethylformamide (3.0 ml.) and 4-methyimorpholine (0.45 ml., 1.0 eq.) and stirring was con- 
tinued at 0° for 1.0 hour and at room temperature for 2.0 hours. The reaction mixture was diluted with ethyl 
acetate (100 mi.), washed successively with water (15 ml.), 5 % potassium bisulfate (2 x 15 ml.), saturated 
sodium bicarbonate (15 ml.) and brine (15 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dry- 
ness and dried in vacuo . The crude product was chromatographed on a silica gel column (Merck), eluting the 
column with ethyl acetate: hexane mixtures (1:4; 1:2) to give 1.618 g., of product as a syrup; R f = 0.030 (ethyl 
acetate:hexane, 1:1). 

20 f) (S,S)-Hexahydro-3-[I2-(mercaptomethyl)-1-oxo-3-phenylpropyl]aminol-2-oxo-1 H-azepine-1 -acetic acid 

A solution of the ethyl ester product from part (e) (1.537, 3.53 mmoles) in methanol (18 ml.) was purged 
with argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged 
(argon, 30 minutes) solution of 1.0 N sodium hydroxide (14.2 ml., 4 eq.) maintaining the bubbling of argon 
throughout the addition and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, 
acidified at 0° with 5% potassium bisulfate (60 ml.) to pH 2.0 then extracted with ethyl acetate ( 2 x 100 ml.). 
The organic extracts were washed with brine (25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated 
to dryness and dried in vacuo . The crude product was dissolved in methylene chloride (5 ml.) and treated por- 
tionwise with hexane (50 ml.), scratching the mixture to form a solid. The supernatant was decanted and the 
solids were triturated with more hexane (3 x 50 ml.) and the solids were evaporated from pentane (4 x 40 ml.). 
The resulting product was dried in vacuo 12 hours to give 1.261 g., of product as an amorphous solid; R, = 
0.43 (methylene chloride:methanol:acetic acid, 20:1:1); 
[a] D = +20.2° (c = 0.61, methanol). 

1H-NMR (400 MHz, CDCI 3 ): 1.46 (t,3H), 1.81, (m, 6H), 2.60(m,2H), 2.87 (m,3H), 3,21 (m,1H), 3.71 (m,1H), 
4.17(s,2H), 4.68 (m,1H), 7.13 - 7.27 (m, 5H). 



25 



30 



35 



40 



Anal, calc'd. for C 18 H 2 4N 2 0 4 S . 0.2C 5 H 12 - 0.45 H 2 0: 



Found: 



C58.96; 


H.7.11; 


N.7.24; 


S,8.28; 


C.58.96; 


H,6.86; 


N.7.07; 


S.8.31; 



SH.8.54; 
SH.8.43. 



EXAMPLE 10 



45 



50 



55 



(S,S)-Hexahydro-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-oxo-1H-azepine-1-acetic acid 

a) (S,S)-3-[[2-(Acetylthio)-1-oxo-3-phenylpropyl]amino]-2-oxo-1H-azepine-1-acetic acid, ethyl ester 

A suspension of (S)-2-(acetylthio)benzenepropanoic acid, dicyclohexylamine salt (2.81 g.. 6.93 mmoles 
or 1.01 eq.) was suspended in ethyl acetate (200 ml.), washed with 5% potassium bisulfate (5 x 30 ml) and 
brine (40 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give 
1 .737 g. of the free acid as a dear syrup. 

This free acid was dissolved in dry methylene chloride (30 ml.) and cooled down to 0° (ice-salt bath) treated 
with 1-hydroxybenztriazole hydrate (978 mg., 7.23 mmoles) and 1-ethyl-3-(3- 
dimethylaminopropyljcarbodiimide (1.435 mg., 7.49 mmoles) and stirred at 0° for 1.0 hour. The solution was 
treated with a solution of (S)-3-amino-hexahydro-2-oxo-1H-azepine-1-acetic acid, ethyl ester, hydrochloride 
salt (1.58 g., 6.30 mmoles) in dry methylene chloride (10 ml) and 4-methylmorpholine (0.77 ml., 7.01 mmoles) 
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and stirring was continued at 0° for 1 .0 hour and at room temperature for 1 .5 hours. The reaction mixture was 
diluted with ethyl acetate (170 ml.) , washed successively with water (25 ml.), 5% potassium bisuifate (2 x 
25ml.), saturated sodium bicarbonate (25 ml.) and brine (25 ml.), dried (anhydrous magnesium sulfate), filtered, 
evaporated to dryness and dried in vacuo . The crude product was chroma tographed on a silica gel column 
5 (Merck), eluting the column with ethyl acetate:hexanes (3:7) to give 2.045 g. of product as a syrup. An addi- 
tional 261 mg.ofthe isomer mixture (1:1 ratio) was obtained from the column; R,= 0.45 (ethyl acetate:hexane, 
1:1). 

b) (S,S)-Hexahydrc>-3-[(2-mercapto-1-oxo-3-phenyipropyl)amino]-2-oxo-1H-azepine-1-acetic acid 

10 ' ~~ ' ~~ " ~~" ~ ------ - 

A solution of the ethyl ester product from part (a) (2.044 g., 4.86 mmoles) in methanol (25 ml.) was purged 
with argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged 
(argon, 30 minutes) solution of 1.0 N sodium hydroxide (19.55 ml., 4 eq.) maintaining the bubbling of argon 
throughout the addition and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, 

15 acidified at 0° with 5% potassium bisuifate (85 ml.) to pH 2.0 then extracted with ethyl acetate (2 x 140 ml.). 
The organic extracts were washed with brine (35 ml.), dried (anhydrous sodium sulfate), filtered, evaporated 
to dryness and dried in vacuo The crude product was dissolved in methylene chloride (10 ml.) and treated por- 
tionwise with hexane (50 ml.), scratching the mixture to form a solid. The supernatant was decanted and the 
solids triturated with more hexane (2 x 50 ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. of pen- 

20 tane for 4 hours and the next 100 ml. overnight under argon. The product obtained was then dried in vacuo 
for 12 hours to give 1.618 g.of product as an amorphous solid; R< = 0.53 (methylene chloride:methanol:acetic 
acid, 10:1:1); 

[a] D = +8.04° (c = 0.56, methanol). 

1HNMR(400 MHz, CDCI 3 ): 1.71 (m,6H), 2.02 (d,1H), 3.16 (m,3H), 3.61 (m, 1H), 3.70 (m,1H), 4.17 (s,2H), 4.65 
25 (m,1H), 7.18 -7.72 (m,5H). 





Anal, calc'd. for C^H^^O^S: 






C.58.27; 


H,6.33; 


N,7.99; 


S.9.15; 


SH.9.44 
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Found: 


C.58.43; 


H.6.56; 


N.7.85; 


S.8.96; 


SH.10.27. 



EXAMPLE 11 

[3R-[3a,6a(S*),9ap]H-Octahydro-6-[(2-m^ 
pine-3-carboxylic acid 



a) N Z -Phthaloyl-L-lysine 

A mixture of N 6 -[(1,1-dimethylethoxy)carbonyl]-L-lysine (10.827 g., 43.9 mmol.) and sodium carbonate 
(4.665 g., 44.0 mmol.) was stirred in 1 70 ml of ethanol:water (1 :3) for 2.5 hours. The ethanol was removed by 
rotary evaporation and the aqueous solution was treated with N-carbethoxy phthalimide (9.66 g, 44.0 mmol). 
After stirring at room temperature for 1 .5 hours, the solution was filtered, treated with methylene chloride (200 
ml), and the aqueous layer was acidified with 6 N hydrochloric acid (to pH 2.8). The layers were shaken and 
separated. The aqueous layer was extracted again with ethyl acetate and the pooled organic layers were dried 
(magnesium sulfate), filtered, and stripped to give a near colorless oil/glass (19.510 g). 

The residue was cooled to 0 °C, treated with trifluoroacetic acid (150 ml.), and the mixture was let stir at 
room temperature for 3 hours. The trifluoroacetic acid was removed by rotary evaporation and the residue 
was azeotroped twice with toluene. The crude product was taken up in water and run on a Dowex AG 50-X2 
(100-200 mesh, 300 ml, acidic form) column eluting in succession with 1:1 methanol: water (600 ml.), water 
(500 ml.), and finally 5:95 pyridine:water (1000 ml.). The desired fractions were pooled, stripped, taken up in 
water and lyophilized to give 7.850 g. of product as a white solid; R, = 0.57 (n-butanol:watenacetic acid:ethyi 
acetate, 1:1:1:1) 

b) [2(S),4R]-4-(Methoxycarbonyl)-a-phthalimido-2-thiazolidinepentanoic acid 



A slurry of NZ-phthaloyl-L-lysine (7.710 g., 27.9 mmol.) in dry dimethytformamide (135 ml.) was treated 
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with 4-formyl-1-methylpyridinium benzenes ulfonate (7.320 g, 26.2 mmol). The resulting dark mixture gradually 
became homogeneous. After stirring at room temperature for 1 hour, the mixture was treated with 1 ,8-diazo- 
bicyclo[5.4.0]undec-7-ene (8.15 ml, 8.30 g, 54.5 mmol.) followed 5 minutes later with L-cysteine, methyl ester, 
hydrochloride (4.53 g, 26.3 mmol). The dark solution was stirred for 2.5 hours, then diluted with aqueous hy- 
5 drochloric acid (pH 1.7, 300 ml.) and chloroform (150 ml.). The aqueous layer was adjusted to pH 4.3-4.4 with 
0.5 N hydrochloric acid and subsequently extracted five times with chloroform. The pooled chloroform extracts 
were washed with water (50 ml.), dried (sodium sulfate), filtered and stripped. The residue was taken up in 
ethyl acetate, filtered through Celite, and concentated to give 1.84 g. of crude product as a dark orange-red 
oil.R f =0.58 major spot (acetic acid:ethyl acetate, 15:85). NMRshowsa2:1 ratio of isomers. 

10 

c) [3R-(3a,6a)]-Octahydro-6-phthalimido-5-oxothiazolo[3,2-a]azepine-3-carboxylic acid, methyl ester 

A solution of the product from part (b) (1.84 g., 4.7 mmol) in tetrahydrofuran (70 ml.) was treated with 2- 
ethoxy-1-ethoxycarbonyM ,2-dihydroquinoline (1 .400 g., 5.67 mmol.) and the mixture was stirred at room tem- 
15 perature for 3 days. The tetrahydrofuran was removed by rotary evaporation and the residue was taken up in 
ethyl acetate and washed in succession with 0.5 N hydrochloric acid (2X), 50% saturated sodium bicarbonate, 
water, and brine, then dried (sodium sulfate), filtered, and stripped. The resulting orange oil was flash chro- 
matographed (Merck silica gel, 40-50% ethyl acetate in hexanes) to give 1.126 g. of product as a 1:1 mixture 
of diastereomers; R, = 0.22 and 0.20 (40% ethyl acetate in hexane). 

20 

d) [3R-(3a,6a,9ap)]-Octahydro-6-phthalimido-5- oxothiazolo[3,2-a]azepine-3-carboxylic acid, methyl ester 

A mixture of the methyl ester product from part (c) (1.110 g.) and p-toluenesulfonic acid hydrate (2.33 g) 
in benzene (20 ml.) was refluxed with removal of water (Dean-Stark trap) for 2.5 hours. The cooled mixture 

25 was diluted with ethyl acetate and washed with 50% saturated sodium bisulfate, water, and brine, then dried 
(sodium sulfate), filtered, and stripped. The residue was flash chromatographed (Merck silica gel, 10-20% ethyl 
acetate in methylene chloride) to give nearly pure product as an off-white foam. The foam was dissolved in 
hot ethyl acetate/hexanes, cooled and seeded to give fine white needles (845 mg). An additional 50 mg of solid 
product was obtained from the mother liquor bringing the total amount of pure product to 895 mg; m.p. 154- 

30 155 °C; [a] D = -31.8° (c = 0.52, chloroform); Rf = 0.22 (40% ethyl acetate in hexane). 

e) [3R-(3a,6a,9ap)]-6-Amino-octahydro-5-oxothiazolo-[3,2-a]azepine-3-carboxylic acid, methyl ester, hydro- 
chloride salt 

35 A slurry of the methyl ester product from part (d) (875 mg., 2.34 mmol.) in absolute ethanol (50 ml.) was 
treated with hydrazine hydrate (115 ul, 118 mg., 2.37 mmol) and the solution was periodically warmed for the 
first two hours to effect solubilization. After stirring at room temperature for 3 days, additional hydrazine hy- 
drate (80 ul., 82.6 mg., 1.65 mmol) was added and the mixture was stirred for one more day. The reaction 
was stripped to dryness and the white residual solid was stirred in cold (0°C) 0.5 N hydrochloric acid (60 ml.) 

40 for 3.5 hours. The solid was removed by filtration and the filtrate was made basic with 1 N sodium hydroxide 
to pH 11-12 and extracted with methylene chloride (3X) and ethyl acetate. The pooled organic extracts were 
dried (sodium sulfate), filtered and stripped to yield a near colorless oil (approx. 600 mg). The oil was treated 
with water (10 ml.) and 1.0 N hydrochloric acid (3.0 ml.), swirled until no more oil was present and the mixture 
was lyophilized to give 674 mg. of product as a light yellow solid; R< = 0.64 major spot (n-butanol: water acetic 

45 acid:ethyl acetate, 1:1:1:1). 

f) [3R-[3a,6a(S*),9ap]]-Octahydro-6[[2-(acetylthio)-1-oxo-3-phenylpropy1]amino]-5-oxothiazolo[3,2- a]aze- 
pine-3-carboxylic acid, ethyl ester 

50 The methyl ester, hydrochloride salt product from part (e) (374 mg., 1 .33 mmol.) was partitioned between 

saturated sodium bicarbonate and methylene chloride. The methylene chloride extract was dried (sodium sul- 
fate), filtered and stripped to give the free amine as a pale yellow oil (302 mg., 1.16 mmol.). Additionally, (S)- 
2-(acetylthio)benzenepropanoic acid, dicyclohexyiamine salt (648 mg., 1.60 mmol) was partitioned between 
ethyl acetate and 5% potassium bisulfate. The ethyl acetate layer was washed with water and brine, then dried 

55 (sodium sulfate), filtered and stripped to give the free acid as a colorless oil. A mixture of the free amine and 
thef ree acid in methylene chloride (9 ml.) was treated with hydroxybenztriazole hydrate (550 mg., 4.07 mmol.), 
cooled to 0°C, and subsequently treated with 1-ethyi-3-(3-dimethylaminopropyl)carbodiimide (313 mg f 1.63 
mmol.). The mixture was stirred at 0°C for 1 hour, then at room temperature for 3 hours. Additional 1-ethyl-3- 
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(3-dimethylaminopropyl)carbodiimide (100 mg) was added and stirring continued overnight. The solution was 
diluted with ethyl acetate and washed successively with water, 5% potassium bisulfate, water, 50% saturated 
sodium bicarbonate, and brine, then dried (sodium sulfate), filtered and stripped. The resulting yellow oil was 
flashed chromatographed (Merck silica gel, 30% acetone in hexane) to give 396 mg,.of product as a 87:1 3 mix- 
5 ture of side chain diastereomers. This mixture was again flash chromatographed (Merck silica gel, 35-40% 
ethyl acetate in hexane) to afford 31 8 mg., of product as a white foam (94-95% diastereomerically pure); R, = 
0.29 major and 0.26 minor, [6a(R*) isomer]; [a] D = -84.4° (c = 0.36, chloroform). 

g) [3R-{3a,6a(S*),9ap]>Octahydro-6-^ 
10 pine-3-carboxylic acid 

A solution of the ethyl ester product from part (f) (308 mg., 0.68 mmol.) in methanol (4 ml., deoxygenated 
via argon bubbling) was treated with 1 N sodium hydroxide (3.5 ml., deoxygenated via argon bubbling) and 
the homogeneous mixture was stirred under argon for 2 hours. The mixture was acidified with 10% potassium 

15 bisulfate (15 ml.), diluted with water, and extracted with ethyl acetate. The ethyl acetate extract was washed 
with brine, dried (sodium sulfate), filtered, and stripped to give a solid. The solid was dissolved in dimethyl- 
formamide (1 mi.), diluted with ethyl acetate, and flash chromatographed (Merck silica gel, 5% acetic acid in 
ethyl acetate) to give the desired product as a white solid which was triturated with ethyl acetate/ethyl ether, 
collected by fitration, and dried to give 144 mg., of product; m.p. 217 - 220°C; Rf = 0.52 (5% acetic acid in 

20 ethyl acetate); [<x] D = -64.3° (c = 0.36, dimethylformamide). NMR analysis indicated the product was 93% dia- 
steromerically pure with 7% of the corresponding 6a(R*) isomer. 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 90% water-10% methanol-0.2% phosporic 
acid and 56% B: 10% water-90% methanol-0.2% phosporic acid; flow rate 1.5 ml/min dectecting at 220 nm; 
t R = 12.27 min indicates a purity of >95% (no separation of 6a(S*) and 6a(R*) isomers dectected by HPLC) 



25 


Anal, calc'd. for C^H^CX^ 0-4 H 2 0: 






C53.82; 


H.5.72; 


N.6.97; 


S,15.96; 


SH.8.21 




Found: 


C53.88; 


H.5.67; 


N.6.78; 


S.15.37; 


SH,4.91. 
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EXAMPLE 12 

[3R-[3a,6a(S>9ap]]-Octahydro-6-[[2-^ 
alazepine-3-carboxylic acid 

Following the procedure of Example 11 but employing (S)-2-[(acetyithio)methyl]benzenepropanoic acid in 
part (f), the title product was obtained as a white solid; m.p. 212 - 213° C; 
Rf = 0.55 (5% acetic acid in ethyl acetate); 
[a] D = -36.5° (c = 0.36, dimethylformamide). 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 90% water-10% methanol-0.2% phosphoric 
acid and 56% B: 10% water-90% methanol-0.2% phosphoric acid flow rate at 1.5 mlVmin detecting at 220 nm; 
tR = 15.96 indicates a purity of 99.2%. 



45 


Anal, calc'd. for C 19 H 2 4N204S 2 : 






C.55.86; 


H.5.92; 


N.6.86; 


S.15.70; 


SH.8.09 




Found: 


C55.99; 


H,6.01; 


N,6.75; 


S.15.70; 


SH,7.81. 



50 
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EXAMPLE 13 

[S-(^R^3,4-Dihydro-3-[[2-(mercaptom 
5(2H)-acetic acid 

5 

a) N-[(1 t 1-Dimethylethoxy)carbonyl]-0-(2-nitrophenyl)'L-serine 

A solution of N-[(1,1-dimethylethoxy)carbonyl}-L-serine (24.3 g., 0.118 mole) in dry dimethylformamide 
(25 ml.) was added dropwise over a period of 1 .0 hour to a cooled (0°, ice-salt bath) suspension of 60% sodium 

10 hydride (1 0.1 g., 0.25 mole) in dry dimethylformamide (200 ml.) and stirring was continued at 0° until the froth- 
ing subsided (about 2.0 hours). The reaction mixture was treated dropwise with 1-fluoro-2-nitrobenzene (14.3 
ml., 0.13 mole) over a period of 20 minutes, stirred at 0° under argon for 4.0 hours then poured into ice-water 
(750 ml.) and extracted with ethyl acetate (2 x 100 ml.). The aqueous phase was brought to pH 1.0 with 6 N 
hydrochloric acid (70 ml.), extracted with ethyl acetate (3 x 500 ml.) and the combined organic extracts were 

15 washed with brine (100 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in 
vacuo . The crude product mixture was chromatographed on a silica gel column (Merck), eluting the column 
with methylene chloride:methano!:acetic acid (100:5:0.2) to give 27.22 g. of product as a thick yellow syrup; 
Rf = 0.27 (methylene chloride:methanol:acetic acid, 100:5:0.5). 

20 b) N-[(1,1-Dimethyiethoxy)carbonyl]-0-(2-aminophenyl)-L-serine 

A solution of the product from part (a) (27.1 g., 83 mmoles) in dry methanol (500 ml.) was treated with 
10% palladium on carbon catalyst (900 mg.) and hydrogenated at 40 psi for 2.0 hours. The reaction mixture 
was filtered through a celite pad in a mi Hi pore unit, washing the pad well with methanol (5 x 100 ml.). The dark 
25 filtrate was evaporated to dryness and dried in vacuo to give a dark solid. The crude product was triturated 
with methylene chloride:hexane (1 :4) to give 1 7.69 g. of product as a light tan solid; R< = 0.1 5 (methylene chlor- 
ide: methanokacetic acid, 20:1:1). 

c) (S)-3-[[(Dimethylethoxy)carbonyl]amino]-2.3-dihydro-1,5-benzoxazepin-4(5H)-one 

30 

A solution of the product from part (b) (16.69 g., 56.3 mmoles) in dry dimethyformamide (121 ml.) was 
treated with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (10.64 g., 55.5 mmoles) and stirred at room tem- 
perature for 3.0 hours. The reaction mixture was partitioned between ethyl acetate (2 x 492 ml.) and 1.0 N 
sodium bicarbonate (492 ml.), and the combined organic extracts were washed with water (3 x 492 ml.), brine 
35 (492 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude 
product was chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate:hexane 
mixtures (1:4; 1:2; 1:1) to give 10.5 g. of product as off-white crystals; Rf = 0.40 (ethyl acetate: hexane, 1:4). 

d) (S)-3-[(Dimethylethoxy)carbonyl]amino]-3,4-dihydro-4-oxo-1,5-benzoxazepine-5(2H)-acetic acid, ethyl 
40 ester 



A solution of the product from part (c) (1.0 g., 3.59 mmoles) in dry tetrahydrofuran (10 ml.) was cooled 
down to 0° (ice-salt bath) under argon, treated with powdered potassium hydroxide (259 mg., 4.6 mmoles) and 
tetrabutylammonium bromide (172 mg., 0.53 mmole), stirred for 5 minutes then treated with ethyl 2-bromoa- 

45 cetate (0.50 ml., 1 .2 eq.). The reaction mixture was stirred at room temperature under argon for 1 9.0 hours, 
partitioned betweeen methylene chloride (2 x 25 ml.) and water (13 ml.) and the combined organic extracts 
were washed with water (2x13 ml.), brine (10 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacuo . The crude product mixture was chromatographed on a silica gel (Merck), eluting 
the column with ethyl acetate:hexane mixtures (1:9; 1:4) to give 860 mg. as a syrup; R f = 0.67 (ethyl acet- 

50 ate:hexanes, 1:1). 

e) (S)-3-Amino-3,4-dihydro-4-oxo-1.5-benzoxazepine-5(2H)-acetic acid, ethyl ester, hydrochloride salt 

A solution of the product from part (d) (4.0 g., 11 mmoles) in dry dioxane (85 ml.) was treated with 4.0 M 
55 hydrochloric acid/dioxane (33.6 ml., 0.134 mole or 12.2 eq.) and stirred at room temperature for 20 hours. The 
reaction mixture was evaporated to dryness, evaporating the resulting syrup from toluene (2x) and ethanol 
(1x) then dried in vacuo to give 3.466 g. of product as a light gold-colored syrup; R f = 0.48 (methylene chlor- 
ide:methanol, 9:1) 
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f) [S,(^R*)]-3-[[2-[(Acetylthio)me^^ 
5(2H)-acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephedrine salt as described previous- 
5 ly) was reacted with the product from part (e) according to the procedure of Example 1 part (b), affording the 
title product as a white syrupy foam; R f = 0.62 (ethyl acetate: hexanes, 1:1). 

g) [S-(R* t R*)]-3,4-Dihydro-3[[2-(mercaptomethyl)-1 -oxo-3-phenylpropyl]amino]-4-oxo-1 ,5-benzazepine- 
5(2H)-acetic acid 

10 

A solution of the product from part (f) in methanol was treated with 1.0 N sodium hydroxide according to 
the procedure of Example 1 part (c), affording the title product as an amorphous solid; R f = 0.62 (methylene 
chloride:methanol:acetic acid, 20:1:1:1); [a] D = -140.2° (c = 0.61, methanol). 

1H NMR (400 MHz, CDCI 3 ): 1.43 (t,1H), 2.51 - 2.90 (m, 5H), 4.17, (t,1H, J = 10 Hz), 4.29 (d,1H, J = 17 Hz), 



15 4.69 (t, 1H, J = 7 Hz), 4.71 (d, 1H, J = 17 Hz), 6.76 (d,1H), 7.05 - 7.26 (m,9H). 





Anal, calc'd. for C21H22N2O5S: 






C.60.86; 


H.5.35; 


N.6.76; 


S.7.74; 


SH.7.98 


20 


Found: 


C60.85; 


H.5.54; 


N,6.74; 


S,7.66; 


SH.6.29. 



EXAMPLE 14 

[S,(R* t R*)]-3,4-Dihydro-3-[(2-mer(^po-1-oxo-3-phenylpropyl)amino]-4-oxo-1,5-benzoxazepine-5(2H)-aceti 
acid 

a) [S,(R*R>3-[[2-(Aretylthio)-1-oxo-3-ph 
acetic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.35 g., 3.81 mmoles) was suspended 
in ethyl acetate (120 ml.), washed with 5% potassium bisulfate (5 x 20 ml.) and brine (25 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid. 

This free acid was dissolved in dry methylene chloride (25 ml.), cooled down to 0° (ice-salt bath), treated 
with 1-hydroxybenztriazole hydrate (541 mg., 4.0 mmoles) and 1-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide (792 mg., 4.1 3 mmoles) and stirred at 0° for 1.0 hour under argon. The sol- 
ution was treated with (S)-3-amino-3,4-dihydro-4-oxo-1 ) 5-benzoxazepine-5(2H)-acetic acid, ethyl ester 
(1.147 g., 3.81 mmoles) and 4-methyimorpholine (0.47 ml., 4.2 mmoles) and stirring was continued at 0° for 
1.0 hour and at room temperature for 1.0 hour. The reaction mixture was diluted with ethyl acetate (100 ml.), 
washed successively with water (1 5 ml.), 5% potassium bisulfate (2 x 15 ml.), water (15 ml.), saturated sodium 
bicarbonate (15 ml.) and brine (15 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and 
dried in vacuo . The crude product was chromatographed on a silica gel column (Merck), eiuting the column 
with ethyl acetate :hexane (1:4) to give 1.21 g. of the product as a syrup. An additional 409.6 mg. of product 
(isomer mixture 1:1 ratio) was also obtained; R f = 0.67 (ethyl acetate: hexanes, 1:4 then 1:1). 

p) [S,(R*,R*)]-3,4-dihydrc^3-[(2-mercaptc-1-oxch3-phenylpropy1)aminol-4-oxo-1 t 5-benz 
acetic acid 

A solution of the ethyl ester product from part (a) (1.81 g., 2.51 mmoles) in methanol (13 ml.) was purged 
with argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged 
(argon, 30 minutes) solution of 1.0 N sodium hydroxide (10 ml., 4.0 eq.) maintaining the bubbling of argon 
throughoutthe addition and length of the reaction. The reaction mixture was stirred at0° for 1.0 hour, acidified 
at 0° with 5% potassium, bisulfate (45 ml.) to pH 1 .0 and extracted with ethyl acetate (2 x 80 ml.). The combined 
organic extracts were washed with brine (20 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dry- 
ness and dried in vacuo . The crude product was dissolved in methylene chloride (10 ml.) and treated portion- 
wise with hexane (100 ml.), scratching the mixture to form a solid. The supernatant was decanted and the 
solids triturated with hexane (50 ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. of pentane for 
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4.0 hours and the next 100 ml. overnight under argon. The product was then dried in vacuo for 6.0 hours to 
give 969.7 mg. as an amormphous solid; Rf = 0.47 (methylene chloride:methanol:acetic acid, 20:1:1); [a] D = - 
143.3° (c = 0.54, methanol). 

1H NMR (400 MHz, CDCI 3 ): 2.02 (d,1H), 3.07 (m,2H), 3.59 (m,1H), 4.09 (t, 1H, J = 10 Hz), 4.24 (d, 1H. J = 17 
5 Hz), 4,63 (t, 1H, J = 8 Hz), 4 .73 (d, 1H, J = 17 Hz), 4.93 (m, 1H,) 7.04 - 7.26 (m, 9H), 7.42 (d , 1H). 

Anal, calc'd. for C2oH 2 oN 2 0 5 S • 0.147 C 5 H 12 • 0.43 H 2 0: 



C59.46; 


H.5.44; 


N.6.69; 


S.7.65; 


SH.7.89 


C.59.46; 


H.5.25; 


N,6.65; 


S.7.88; 


SH.7.84 



EXAMPLE 15 



[3S-[1(R*),3a(R*)>3-[(2-Mercapto-1-oxo-3-ph 
acetic acid 

a) [3S-[1(R*),3a(R*)]]-3-[[2-(acetyUhio)^^ 
1 -acetic acid, methyl ester 

A cold (0°) solution of [S-(R*,R*)]-3- aminohexahydro-a-methyl-2-oxo-1H-azepine-1 -acetic acid, methyl 
ester (374 mg., 1 .75 mmol) [prepared as described by Thorsett et al., "Peptides:Structure and Function", Pro- 
ceeding 8th American Peptide Symposium, p 555 (1983)] and (S)-2-(acetylthio)benzenepropanoic acid (393 
mg., 1.75 mmol) in methylene chloride (10 ml.) was treated with triethylamine (245 ul, 178 mg., 1.76 mmol) 
followed by benzotriazol-1-yloxy-tris(dimethyiamino)phosphonium hexafluoro- phosphate (775 mg, 1.75 
mmol). The clear, nearly colorless solution was stirred at 0°C for one hour and then at room temperature for 
3 hours. The mixture was partitioned between ethyl acetate and 0.5 N hydrochloric acid and the ethyl acetate 
extract was washed successively with water, half saturated sodium bicarbonate and brine. The solution was 
dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica gel, 70:30 
ethyl acetate:hexanes) to give 590 mg. of pure product as a colorless oil/foam; R f = 0.43 (ethyl acetate:hex- 
anes, 75:25). 

b) [3S-[1(R*),3a(R*)]]-3-[(2-Mercapto-1-oxo-3 phenyl propyi)amino]-a-methyl-2>oxohexahydro-1 H-azepine- 
1 -acetic acid 

An ice cold solution of the product from part (a) (570 mg., 1.36 mmol) in methanol (7 ml., deoxygenated 
via argon bubbling) was treated with 1 N sodium hydroxide (5.5 ml., deoxygenated via argon bubbling). After 
stirring at 0°C for 1.25 hours, the solution was acidified with 1 N hydrochloric acid (9 ml) and extracted with 
ethyl acetate. The ethyl acetate extract was washed with water and brine, then dried (sodium sulfate), filtered 
and stripped to afford an oil. The material was flash chromatographed (Merck silica gel. 2% acetic acid in ethyl 
acetate). The product containing fractions were pooled and stripped, and the residue was taken up in ethyl 
acetate and washed successively with water and brine, then dried (sodium sulfate), filtered and stripped again. 
The resulting oil/foam was triturated first with ethyl ether and then with hexane to produce a white oil/foam. 
The mixture was stripped to dryness, slurried in hexane, stripped to dryness again, and dried in vacuo to give 
470 mg. of product as a white foam; (>98% diastereomeric purity as determined by NMR analysis); R f = 0.49 
(5% acetic acid in ethyl acetate); [a] D = -37.1° (c = 0.6, chloroform), HPLC: YMC S3 ODS column (6,0 x 150 
mm); eluted with 44% A: 90% water - 10% methanol-0.2% phosphoric acid and 56% B: 10% water-90% me- 
thanol-0.2% phosphoric acid; flow rate 1 .5 ml/min detecting at 220 nm; t* = 11.02 min (98.0%). 



50 


Anal, calc'd. for C^H^CUS^ 






C59.32; 


H.6.64; 


NJ.69; 


S.8.80; 


SH.9.07 




Found: 


C.59.27; 


H.6.92; 


N,7.37; 


S,8.36; 


SH.8.75. 



55 
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EXAMPLE 16 

[6R(S>2,3,6,7-Tetrahydro-6-[[2-(mercaptom 
4(5H)-acetic acid 

5 

a) [2-[(Methylsulfonyl)oxy]ethy}]carbamic acid, 1,1-dimethylethyl ester . 

Di-ferr -butyldicarbonate (21.8 g., 100 mmol) was added in portions to a stirred solution of ethanolamine 
(6.1 g., 100 mmol) in dichloro methane (100 ml.) at 0-5° C. After addition was complete, the cooling bath was 

w removed and the solution was stirred at room temperature for five hours. The solvent was removed in vacuo 
and the resulting material was dissolved in dichloromethane (100 ml.) and triethylamine (21 ml., 150mmol), 
cooled to-10°C and treated dropwise, overa period of 10 minutes, with methanesulfonyl chloride (9.25 g., 150 
mmol). The mixture was diluted with ethyl acetate (200 ml.) and washed with 1 N hydrochloric acid and water. 
The ethyl acetate layer was dried (magnesium sulfate), filtered, and freed of solvent in vacuo to give the product 

15 as a viscous oil which was used without purification. 

b) S-[2-[[(1,1-Dimethylethoxy)carbonyl^ diphenylme- 
thyl ester 

20 A solution of N-[(phenylmethoxy)carbonyl]-L-cysteine, diphenylmethyl ester (12.7 g., 30.1 mmol.) and the 

product from part (a) (7.20 g. t 30.1 mmol) in dimethylformamide (190 ml.) was treated with spray dried potas- 
sium fluoride (25 g., 430 mmol) and stirred at 70 - 75°C, under an atmosphere of argon, for 20 hours. After 
cooling, the mixture was partitioned between ethyl acetate (800 ml.) and water (400 ml.). The organic layer 
was washed with brine (300 ml.), dried (magnesium sulfate), filtered, and freed of solvent in vacuo leaving an 

25 oil. This was chromatographed on silica gel (Merck, -1000 ml.), eluting with mixtures of ethyl acetate and hex- 
ane (1:4, 1:3 and 1:2), to give 9.13 g. of product; R f = 0.35, (ethyl acetate: hexanes, 1:2). 

c) (R)-Tetrahydro-6-[[(phenylmethoxy)carbonyl]-amino]-1 ) 4>thiazepin-5(4H)-one 

30 A solution of the product from part (b) (6.13 g., 10.86 mmol) in anisole (30 ml.) and trifluoroacetic acid 

(45 ml.) was stirred at room temperature for two hours and then concentrated in vacuo . The residual oil was 
diluted with isopropyl ether (40 ml.), stirred, and the isopropyl ether layer was decanted. This process was 
repeated once more and the residue was dried in vacuo . A mixture this material and diphenylphosphoryl azide 
(4.4 g., 16 mmol) in dry dimethylformamide (75 ml.) under an argon atmosphere was cooled in an ice bath 

35 and, while stirring, 4-methyimorpholine (4.45, 44 mmol) was added dropwise. After addition was complete, 
the mixture was allowed to warm to room temperature and left stirring for 20 hours. The mixture was parti- 
tioned between ethyl acetate (150 ml. and water (100 ml.). The layers were separated and the aqueous layer 
was reextracted with ethyl acetate (50 ml.). The combined organic layers were washed with saturated potas- 
sium bisulfate solution (30 ml.), saturated sodium bicarbonate solution (50 ml.), and brine (50 ml.), dried (mag- 

40 nesium sulfate), and freed of solvent in vacuo . The remaining material was triturated with isopropyl ether to 
give 2.45 g. of white solid product Rf = 0.27, (ethyl acetate: hexanes, 1:1). 

d) (R)-Tetrahydro-5-oxo-6-[[(phenylmethoxy)caroonyl]amino]-1 t 4-thiazepine-4(5H)-acetic acid, ethyl ester 

45 A solution of the product from part (c) (3.55 g., 12.68 mmol) in distilled tetrahydrofuran (40 ml.), under an 

atmosphere of argon, was cooled to 0°C and treated with powdered potassium hydroxide (2.16 g., 40 mmol) 
and tetrabutylammonium bromide (420 mg., 1.3 mmol). Ethyl bromoacetate (2.58 g. t 15.43 mmol) was added 
dropwise. The mixture was stirred cold for two hours and then diluted with ethyl acetate (50 ml.), and anhy- 
drous magnesium sulfate was added. The reaction mixture was filtered through a magnesium sulfate pad and 

so the pad was washed several times with ethyl acetate. The filtrate was treated with 1N hydrochloric acid sol- 
ution (50 ml.) and the layers were separated. The organic layer was dried (magnesium sulfate), filtered and 
freed of solvent in vacuo leaving an oil which was purified by chromatography on silica gel, eluting with 10- 
30% ethyl acetate in hexane to give 3.22 g. of product as a viscous oil; Rf = 0.60 (ethyl acetate: hexanes, 1:1). 

55 e) (R)-6-Aminotetrahydro-5>oxo-1,4-thiazepine-4(5H)-acetic acid, ethyl ester, hydrobromide salt 

The product from part (d) (3.17 g., 8.65 mmol) was treated with 30% hydrogen bromide in acetic acid (14 
ml.). The mixture was stirred at room temperature for one hour and then diethyl ether (200 ml.) was added. 
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After stirring at room temperature for one hour, the precipitated salt was harvested by filtration and washed 
several times with ether. The slightly gummy material was dissolved in hot ethanol and the solvent was re- 
moved in vacuo. This process was repeated once. Diethyl ether was added to the remaining material and the 
hydrobromide salt product (2.52 g.) was harvested by filtration as a yellow solid. 

5 

Q [6R(S*)]-2,3,6,7-Tetrahydro-6-[[2-[(acetyltm^ 
4(5H)-acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephredine salt as described prevbus- 
10 ly) was reacted with the product from part (e) according to the procedure of Example 1 part (b), affording the 
title product; R f = 0.40 (ethyl acetate: hexanes, 1:1). 

g) [6R(S*)^2,3,6,7-Tetrahydro-6-[I2-(m^ 
4(5H)-acetic acid 



15 



20 



A solution of the product from part (f) in methanol was treated with 1N sodium hydroxide according to the 
procedure of Example 1 part (c), affording the title product as a white solid foam; m.p. 85 - 101° C; 
R f = 0.35 (8% methanol in dichloromethane plus 2 drops acetic acid/5 ml.); [a] D = -9.5° (C = 0.6, methanol). 
HPLC:R T = 1 3.2 min., 50 % aqueous methanol containing 0.2% phosphoric acid, 1.5 ml J min., detected at 220 
mm, YMC S-3 (ODS), 6.0 x 150 mm., 3 micron spherical end capped column. H.I. = >95%. 





Anal, calc'd. for C^H^C^ • 0.15 H 2 0 • 0.15 CeH 14 : 






C60.24; 


H.5.71; 


N.6.11; 


S.13.98 


25 


Found: 


C.60.01; 


H.5.77; 


N.5.94; 


S.13.64. 



30 



EXAMPLE 17 

[6R(S*)]-2 t 3,6,7-Tetrahydro-6-[(2-m^ 
acid 



35 



40 



a) [6R(S*)]-2,3,6,7-Tetrahydro-6-[[2-(acety^ 
acetic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from the dicyclohexyl amine salt as described previ- 
ously) was reacted with the product from Example 16 part (e) according to the procedure of Example 2 part 
(b), affording the title product; R f = 0.29 (ethyl acetate: hexane, 1:1). 

b) [6R(S*^2,3,6,7-Tetrahydro-6-[(2-mercapto-1-oxo 3- phenyl propyl )amino]-5-oxo-1 ,4-thiazepine-4(5H)- 
acetic acid 



45 



50 



A solution of the product from part (a) in methanol was treated with 1.0 N sodium hydroxide according to 
the procedure of Example 2 part (c), affording the title product as a solid foam; m.p. 69-76°C. Rf = 0.29, (8% 
methanol in dichloromethane plus 2 drops acetic acid/5 ml.). 



Anal, calc'd. for C^Hza^C^ • 0.1 C 4 H 8 0 2 : 



Found: 



C52.21; 


H.5.56; 


NJ.43; 


C.52.27; 


H.5.54; 


N.7.35; 



S,17.00 
S.16.98. 



55 
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EXAMPLE 18 

[3R-[3tt,6g(S*)]]-Tetrahydro-6-[(2-mercapt^ 
4(5H)-acetic acid 

5 

a) (3R-cis)-Tetrahydro-5-oxch3-phenyl-6-[[(pheny^ 
acid, ethyl ester 

A solution of (3R-cis)-tetrahydro-3-phenyl-6- Q(phenylmethoxy)carbonyi]amino]-1,4-thiazepin-5(4H)-one 
10 (1 . 1 6 g., 3.25 mmol) [prepared as described by Yanagisawa et al. v J. Med. Chem., Vol. 30, p. 1 984 - 1991 (1 987)] 
in distilled tetrahydrof uran (30 ml.), under an atmosphere of argon, was cooled to 0°C and treated with pow- 
dered potassium hydroxide (540 mg., 10 mmol) and tetrabutylammonium bromide (97 mg, 0.3 mmol). Ethyl 
bromoacetate (501 mg., 3 mmol) was added dropwlse with stirring. The mixture was stirred cold for two hours 
and then additional ethyl bromoacetate (501 mg., 3 mmol) was added. The mixture was stirred cold for an ad- 
15 ditional two hours and then diluted with ethyl acetate (50 ml) and anhydrous magnesium sulfate was added. 
The reaction mixture was filtered through a magnesium sulfate pad and the pad was washed several times 
with ethyl acetate. The filtrate was poured into cold 1N hydrochloric acid solution (40 ml) and the layers were 
separated. The organic layer was dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving an 
oil which was purified by chromatography on silica gel, eluting with 10-30% ethyl acetate in hexane to give 
20 730 mg. of product; R f = 0.32 (ethyl acetate: hexanes, 1:2). 

b) (3R-cis)-6-Aminotetrahydro-5-oxo-3-phenyl-1,4-thiazepine-4(5H)-acetic acid, ethyl ester, hydrobromide 
salt 

25 The product from part (a) (1 .43 g., 3.23 mmol) was treated with 30% hydrogen bromide in acetic acid (5.5 

ml.). The mixture was stirred at room temperature for two hours and then diethyl ether (100 ml.) was added. 
After stirring at room temperature for one hour, the precipitated salt was harvested by filtration and washed 
several times with ether to give 1.08 g. of the hydrobromide salt product as a beige solid. 

30 c) [3R-[3a,6a(S*)]]-6-[I2-(Acetylthio)-1^ 
pine-4(5H)-acetic acid, ethyl ester 

A suspension of the dicyclohexylamine salt of (S)-2-(acetylthio)benzenepropanoic acid (736 mg., 1.81 
mmol) in ethyl acetate (30 ml.) was washed twice with 0.1 N hydrochloric acid (40 ml., 20 ml.) and once with 
35 brine (20 ml.), dried (magnesium sulfate), filtered, and freed of solvent in vacuo leaving the free acid as an 
oil. 

The hydrobromide salt product from part (b) (640 mg., 1.65 mmol) was dissolved in dichloromethane (30 
ml.), washed with sodium bicarbonate solution (2 x 20 ml.), then brine (20 mi.), dried (magnesium sulfate), fil- 
tered, and freed of solvent in vacuo leaving the free amine as a viscous oil (495 mg.). This and the free acid 

40 above were dissolved in dichloromethane (20 ml.) under an atmosphere of argon and cooled to 0°C. 1 -Hy- 
droxy be nzotriazole hydrate (256 mg., 1.90 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (362.5 
mg., 1.90 mmol) were added. The mixture was stirred cold for three hours and then diluted with dichlorome- 
thane (30 ml.). The solution was washed with water (15 ml.), 5% potassium bisulfate solution (15 ml.), sodium 
bicarbonate solution (1 5 ml.), and water (1 5 ml.). The dichloromethane solution was dried (magnesium sulfate), 

45 filtered and freed of solvent in vacuo . The remaining material was chromatographed on silica gel (Merck, ap- 
proximately 1 50 ml.), eluting with 25% ethyl acetate in hexane to give 61 0 mg. of product; R f = 0.53 (ethyl acet- 
ate:hexanes, 1:1). 

d) [3R[[(3a,6a(S*)]]-Tetrahydro-6-[(2- 
50 4(5H)-acetic acid, mixture of methyl and ethyl esters 

A solution of the product from part (c) (610 mg. t 1.185 mmol) in methanol (12 ml.) was purged with argon 
for 1 5 minutes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise 
with 1N sodium hydroxide solution (4.75 ml.) which had been purged with argon for 30 minutes just before use. 
55 The mixture was stirred cold for 75 minutes and then acidified to pH 1 with 5% potassium bisulfate solution. 
The product was extracted into ethyl acetate (2 x 40 ml.). The combined organic extracts were washed with 
brine, dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving 533 mg. of product that slowly 
crystallized. The NMR and mass spectra of this material indicated it was a mixture of methyl and ethyl esters. 
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R f = 0.76 (5% methanol in methylene chloride plus 2 drops acetic acid/5 ml.) 
e) [3R-[3a,6a(S*)l]-Tetrahydro-6-^ 

oxo-3-phenylpropyl)amino]-5-oxo-3-phenyl-1,4-thiazepine-4(5H)-acetic acid 

5 

The product from part (d) (480 mg., approximately 1.03 mmol) was added to methanol (12 ml.). The ma- 
terial crystallized out. Distilled tetrahydrof uran (5 ml.) was added and the mixture became a dear solution 
which was purged with argon for 15 minutes, cooled in an ice-salt bath and, while stirring and continuing the 
argon purge, treated dropwise with 1N sodium hydroxide solution (4 ml.) which had been purged with argon 

10 for 30 minutes just before use. The mixture was kept cold and under argon for 27 hours. At this time TLC in- 
dicated that the hydrolysis of the ester was complete. The mixture was acidified to pH 1 with 5% potassium 
bisulfate solution. The product was extracted into dichloromethane (2 x 30 ml.). The combined organic extracts 
were washed with brine, dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving a white solid 
foam. This was dissolved in dichloromethane and hexane was added to turbidity. The mixture was freed of 

15 solvent in vacuo leaving a solid. This was triturated with 20% hexane in ether, white solid was harvested by 
filtration, washed with cold 50% hexane in ether to give 350 mg. of product; m.p.175 - 182°C; R f = 0.42 (5% 
methanol in methylene chloride plus 2 drops acetic acid/5 ml.); [a] D = +26.7 P (c = 0.8, methanol). HPLC: R T = 
8.0 min. f 66.8% aqueous methanol containing 0.2% phosphoric acid, 1.5 ml./min., detected at 220 mm, YMC 
S-3 (ODS), 6.0 x 150 mm, 3 micron spherical end capped column. H.I. = >95%. 



20 



Anal. calc'd. for C22H24N2O4S2: 


Found: 


C.59.44; 
C59.52; 


H.5.44; 
H.5.54 


N.6.30; 
N,6.08; 


S.14.42 
S.14.14. 



EXAMPLE 19 

[3R-(3a,6g(S*)]]-Tetrahydro-6-[[2-(mercaptomethyl)-1-oxo-3-phenylpropyl]amino]- 5-oxo-3-phenyl-1,4-thia- 
zepine-4(5H)-acetic acid 

a) [3R-[3a,6a(S*))]]-Tetrahydrc^ 

thiazepine-4(5H)-acetic acid, mixture of methyl and ethyl esters 

A suspension of the ephredrine salt of (S)-2-[(acetylthio)methyl]benzenepropanoic acid (853 mg., 2.11 
mmol.) in ethyl acetate (40 ml.) was washed twice with 0.1 N hydrochloric acid (40 ml., 20 ml.), once with brine 
(20 ml.), dried (magnesium sulfate), filtered, and freed of solvent in vacuo leaving the free acid as an oil. 

(3R-cis)-6-Aminotetrahydro-5-oxo-3-phenyi-1,4-thiazepine-4(5H)-acetic acid, mixture of methyl and ethyl 
esters, hydrobromide salt (320 mg. of ethyl ester, 0.82 mmol. and 41 0 mg. of methyl ester, 1 .09 mmol) [prepared 
as described in Example 18(b)] were dissolved in dichloromethane (30 ml.), washed with sodium bicarbonate 
solution (2 x 20 ml.), brine (20 ml.), dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving 
the free amine as a viscous oil (495 mg., 98%). This and the free acid described above were dissolved in di- 
chloromethane (20 ml.) under an atmosphere of argon and cooled to 0°C. 1 -Hydroxy benzotriazole hydrate (285 
mg., 2.11 mmol) and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (403 mg., 2.11 mmol) were added. The 
mixture was stirred cold 3.5 hours and then diluted with dichloromethane (30 ml.). The solution was washed 
with water (15 ml.), 5% potassium bisulfate solution (15 ml.), sodium bicarbonate solution (15 ml.), and water 
(15 ml.). The dichloromethane solution was dried (magnesium sulfate), filtered and freed of solvent m vacuo . 
The remaining material was chromatographed on silica gel (Merck, 170 ml.), eluting with 25% ethyl acetate in 
hexane to give 535 mg. of product; R f = 0.68 and 0.63, (ethyl acetate: hexanes, 1:1). 

b) [3R-(3a,6a(S*)]l-Tetrahydro-6-[[2-(mera 
thiazepine-4(5H)-acetic acid 

The product from part (a) (493 mg., approximately 0.98 mmol) was dissolved in methanol (12 ml.) and 
purged with argon for 15 minutes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, 
treated dropwise with 1N sodium hydroxide solution (4 ml.) which had been purged with argon for 30 minutes 
just before use. The mixture was kept cold and under argon for 48 hours. At this time TLC indicated that the 
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hydrolysis of the ester was complete. The mixture was acidified to pH 1 with 5% potassium bisulfate solution. 
The product was extracted into dichloromethane (2 x 30 ml.). The combined organic extracts were washed 
with brine (20 ml.), dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving a white glassy 
foam. 25% Hexane in ether (20 ml.) was added and, on stirring, a white solid formed. This was harvested by 
5 filtration and washed with 50% hexane in ether to give 342 mg. f of product; m.p. 1 70-1 74°C t R, = 0.43, (5% 
methanol in methylene chloride plus 2 drops acetic acid/5 ml.); [a] D = +32.8° (c = 0.9, methanol). HPLC: R T = 
8.6 min., 66.8% aqueous methanol containing 0.2% phosphoric acid, 1.5 ml./min., detected at 220 min. YMC 
S-3 (ODS), 6.0 x 150 mm, 3 micron spherical end capped column. H.I. = >95%. 



10 


Anal, calc'd. for C^H^I^C^S^ 






C60.24; 


H,5.71; 


N.6.11; 


S,13.98 




Found: 


C60.25; 


H.5.77; 


N.6.06; 


S.13.85. 



15 

EXAMPLE 20 



[2R-{2a,6P(S*)]]-Tetrahydro-6-[^ 
zepine-4(5H)-acetic acid 

a) (2R-trans))-Tetrahydrch2-phenyl-6-[[ph 

A suspension of (2R-trans)-6-aminotetrahydro-1,4-thiazepin-5(4H)-one (5.82 g.) [prepared as described 
by Yanagisawa et al., J. Med Chem., Vol.30, p. 1984- 1991 (1987)] in a mixture of dichloromethane (125 ml.) 
and triethylamine (11 ml.) was treated with di-ferf- butyl dicarbonate (6 g.) and stirred at room temperature 
four hours. The mixture was diluted with dichloromethane (100 ml.) and washed with water. The dichlorome- 
thane solution was dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving a pale yellow solid. 
This was chromatographed on silica gel, eluting the product with ethyl acetate: hexane (1:1) followed by ethyl 
acetate to give 2.01 g. of product as a white solid. 

b) (2R-trans)-Tetrahydro-5-oxo-2-pheny1-6-[[(phen^ 
acid, methyl ester 



A solution of the product from part (a) (1.95 g., 6.05 mmol) in distilled tetrahydrofuran, under an atmos- 
phere of argon, was cooled to 0°C and treated with powdered potassium hydroxide (1.10 g., 18.15 mmol, 3 
eq.) and tetrabutyiammonium bromide (195 mg.). Ethyl bromoacetate (800 u.L, 7.26 mmol, 1.2 eq) was added 
dropwise over a period of 30 minutes. The mixture was stirred cold for two hours and then diluted with di- 
chloromethane (300 ml.) and water (50 ml.). Dilute hydrochloric acid solution (75 ml.) was then added and the 
layers were separated. The aqueous layer was reextracted with dichloromethane (100 ml.). The combined or- 
ganic layers were dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving a white foam. The 
foam was dissolved in a mixture of ethyl acetate and dichloromethane and treated with an excess of a solution 
of diazomethane in ether. The resulting methyl ester was purified by chromatography on silica gel, eluting with 
ethyl acetate:hexane (1:1) to give 2.193 g. of product; R, = 0.49 (ethyl acetate :hexanes, 1:1). 

c) (2R-trans)-6-Aminotetrahydro-5-oxo-2-phenyl-1,4-thiazepine-4(5H)-acetic acid, methyl ester, hydrochlor- 
ide salt 



The product from part (b) (2.19 g., 5.56 mmol) was cooled in an ice bath and treated with a 4N solution 
of hydrochloric acid in dioxane (15 ml.). The mixture was stirred cold for one hour, during this period a gel 
formed. The cooling bath was removed and the mixture was stirred at room temperature for one hour. The 
solvent was removed in vacuo and toluene was added once and removed in vacuo leaving 1.84 g. of product 
as a solid. 



55 



d) [2R-[2a, 6p(S*)]}-Tetrahydro>6-g2-[(acety1thio)methyl]-1-oxo-3-phenylpropy1]amino]-1-oxo-2phenyl-1 ,4- 
thiazepine-4(5H)-acetic acid, methyl ester 

S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephredine salt as described previous- 
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ly) was reacted with the product from part (c) according to the procedure of Example 1 part (b), affording the 
title product; R f = 0.51 (ethyl acetate: hexanes, 1:1). 

e) [2R-(2a,6p(S*)]]-Tetrahydro-^^ 

thiazepine-4(5H)-acetic acid — 

A solution of the product from part (d) In methanol was treated with 1N sodium hydroxide according to 
the procedure of Example 1 part (c), affording the title product; m.p. 197 - 199° C; R f = 0.41 (5% methanol 
in dichloromethane plus 2 drops acetic acid/5 ml.); [a] D = +27.1° (c = 0.5, methanol). 



Anal. calcU for C^H^IS^S^ 


Found: 


C.60.24; 
C.60.01; 


H.5.71; 
H,5.77; 


N t 6.11; 
N.5.94; 


S.13.98 
S.13.64. 



EXAMPLE 21 

[2R-(2a,6p(S*)]]-Tetrahydro-6-[(2-mera 
4(5H)-acetic acid 

a) [2R-[2a,6p(S*)]]-Tetrahydro-6-[[2-^ 
pine-4(5H)-acetic acid, methyl ester 

Asuspension of the dicyclohexylamine salt of (S)-2-(acetylthio)benzenepropanoic acid (1.13 g., 2.8 mmol) 
in ethyl acetate (50 ml.)was washed twice with 0.1N hydrochloric acid (50 ml., 25 ml.), once with brine (25 ml.), 
dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving the free acid as an oil. This was dis- 
solved in dichloromethane (1 5 ml.) under an atmosphere of argon and cooled to 0°C. 1-Hydroxybenzotriazole 
hydrate (405 mg., 3.0 mmol) and 1-ethy1-3-(3-dimethytaminopropyl) carbodiimide (592 mg, 3.1 mmol) were 
added. The mixture was stirred cold one hour before the amine hydrochloride salt product from Example 20(c) 
(920 mg., 2.79 mmol, was added followed by 4-methytmorpholine (306 u.L, 2.79 mmol). The mixture was stirred 
cold for one hour and one hour at room temperature, then diluted with dichloromethane (70 ml.). The solution 
was washed with water (1 5 ml.), 5% potassium bisulfate solution (15 ml.), sodium bicarbonate solution (1 5 ml.), 
and water (1 5 ml.). The dichloromethane solution was dried (magnesium sulfate), filtered and freed of solvent 
in vacuo . The remaining material was chromatographed on silica gel (Merck, 160 ml.), eluting with mixtures 
of ethyl acetate and hexane (1:3 followed by 1:2) to give 880 mg. of product; Rf = 0.57 (ethyl acetate: hexanes 
1:1). 

b) [2R-[2a,6fr(S»)]]-Tetrtahydr^ 
pine-4(5H)-acetic acid 

A solution of the product from part (a) (880 mg., 1.75 mmol) in methanol (12 ml.) was purged with argon 
for 15 minutes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise 
with 1N sodium hydroxide solution (7.0 ml.) which had been purged with argon for 30 minutes just before use. 
The mixture was stirred cold for 70 minutes and then acidified to pH 1 with 5% potassium bisulfate solution. 
The product was extracted into ethyl acetate (2 x 40 ml.). The combined organic extracts were washed with 
brine, dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving a white partially solid material. 
Ether was added and a white solid was harvested by filtration and washed with additional ether to give 494 
mg. of product; m.p.181-183°C, R, = 0.43 (5% methanol in dichloromethane + 2 drops acetic acid/5 ml.); [a] D 
= + 6.7° (C = 0.7, methanol). HPLC: R T = 9.6 min., 66.8% aqueous methanol containing 0.2% phosphoric acid, 
1.5 ml./min., detected at 220 mm, YMC S-3 (ODS). 6.0 x 150 mm, 3 micron spherical end capped column. H.I. 
= 98%. The NMR indicates approximately 0.1 M of trapped ethyl acetate. 
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Anal, calc'd. for C22H24N2O4S2 • 0.1 C 4 H 8 0 2 : 






C.59.34 


H.5.51; 


N.6.18; 


S,14.14 


5 


Found: 


C.59.22; 


H.5.41; 


N.6.12; 


S.13.72. 



EXAMPLE 22 

10 [R-^S*)]-2,3,4,5-Tetrahydro-3-[(2-mer^ 

ic acid = 

a) (R)>2,3,4,5-Tetrahydro~3-amino-2-oxo-1H-benzazepine>1-acetic acid, ethyl ester 

15 2,3,4,5-Tetrahydro-3-amino-2-oxo-1H-benzazepine- 1-acetic acid, ethyl ester [prepared as described by 

Watthey et al., J. Med Chem., 28, p 1511-1516 (1985)] (14.8 g., 56.4 mmoles) was resolved via its L-tartaric 
acid salt by the method described in the aforementioned reference to give the S-amine (3.927 g. f m.p. 105- 
107°; [a] D = -277° (c = 0.99, ethanol). The residue from the combined mother liquors (21.5 g., 52.1 mmoles) 
was suspended in ethyl acetate (340 ml.), washed twice with 10 % NH 4 OH (41 ml. then 30 ml.) and brine (25 

20 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness, and the resulting product dried in vacuo 
to give the amine mixture (7.01 g.) enriched with the R isomer. A solution of the isomer mixture (2.285 g., 8.71 
mmoles) in absolute ethanol (18 ml.) was treated with D-tartaric acid (1.31 g., 8.73 mmoles) and heated on a 
steam bath until solution was effected. The clear solution was cooled down to room temperature, allowed to 
stand for two days then cooled down to 0° (ice-salt bath) and scratched until crystals formed. The crude salt 

25 (2.585 g.) was recrystallized once from absolute ethanol (14 ml.) to give the desired salt [2.158 g., [a] D = 
+154.1°,(c = 0.6, methanol)]. The salt was then suspended in ethyl acetate (35 ml.), washed with 10% NH 4 OH 
(2x4 ml.) and brine (6 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo 
to give 1.31 g. of product; R, = 0.60 (methylene chloride:methanol, 9:1); [a] D = + 273.1°, (c = 0.677, methanol). 



30 b) [R-^S*)]-2,3,4,5-Tetrahydro-3-[[2-(acet^^ 
acetic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as described previ- 
ously) was reacted with the product from part (a) according to the procedure of Example 2 part (b), affording 
35 the title product as a syrup; R, = 0.57 (ethyl acetate: hexanes, 1:1). 

c) [R-^S*)]-2,3,4,5-Tetrahydro-3-[(2-m^ 
acetic acid 



40 A solution of the product from part (b) in methanol was treated with 1N sodium hydrioxide according to 
the procedure of Example 2 part (c) affording the title product as an amorphous solid; R f = 0.67 (methylene 
chloride:methanol:acetic acid, 20:1:1); [a] D = +230.9° (c = 0.57, methanol). 





Anal, calc'd. for C 21 H22N20 4 S: 


45 


Found: 


C63.30; 
C63.23; 


H.5.56; 
H.5.80; 


N.7.03; 
N.6.76; 


S,8.05; 
S.7.99; 


SH.8.30 
SH.7.67. 



1 H-NMR (400 MHz, CDCI 3 ) : 5 1.65 (m, 1 H), 2.06 (d, 1 H), 2,51 (m, 2 H), 2.94 (dd, 1 H, J= 7, 13 Hz), 3.17 (m, 
2 H), 3.40 (m, 1 H), 4.39 (d, 1 H, J= 17 Hz), 4.45 (m, 1 H), 4.67 (d, 1 H, J= 17 Hz), 7.05-7.31 (m, 9 H). 

EXAMPLE 23 
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[R-^S*fr2,3,4,5-Tetrahydro-3-tt2-(m^ 
acetic acid 



Following the procedure of Example 22 but employing (S)-2-[(acetyithio)methyl]benzene propanoic acid 
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in part (b), the title product is obtained as an amorphous solid; R, = 0.53 (methylene chloride:methanol:acetic 
acid, 20:1:1); 

[a] D = + 253.9° (c = 0.38, methanol). 



Anal, calc'd. for C22H24N2O3S; 


Found: 


C.64.06; 
C.63.83; 


H.5.86; 
H.6.08; 


N.6.79; 
N,6.40; 


S.7.77 
S.7.75. 



1 H-NMR (400 MHz, CDCI 3 ): 5 1.51 (m, 2 H), 2.32-2.52 (m, 4 H), 2.77 (m, 3 H), 3.17 (m, 1 H), 4.36 (d, 1 H, J= 
17 Hz), 4.48 (m, 1 H), 4.70 (d, 1 H, J= 17 Hz), 6.53 (d, 1 H), 7.11-7.30 (m, 9 H). 

EXAMPLE 24 

[S-^S*)}-2,3 ( 4,5-Tetrahydro-3-[(2-mera^ 

acetic acid ' 

a) (S)-g-Bromobenzenepropanoic acid 

A solution of L-phenylalanine (30.0 g., 0.175 mole) and potassium bromide (73.5 g., 0.618 mole) in 2.5 N 
sulfuric acid (365 ml.) was cooled down to 0° (ice-salt bath) and treated portionwise with sodium nitrite (19.3 
g., 0.28 mole) over a period of 1 .0 hour. Stirring was continued for 1 .0 hour at 0° and at room temperature for 
1 .0 hour after which t he reaction mixture was extracted with ether (3 x 250 ml.). The combined organic extracts 
were washed with water (1 00 ml.) and brine (50 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated 
to dryness and dried in vacuo to give 34.46 g., of product; 
Rf = 0.45 (toluene :acetic acid, 95:5). 

b) (R)-g-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt 

A suspension of potassium thioacetate (1 9.25 g., 0.1 68 mole) in dry acetonitrile (300 ml.) was cooled down 
to 0° (ice-salt bath) and treated dropwise with a solution of the product from part (a) (34.462 g., 0.1 5 mole) in 
dry acetonitrile (35 ml.) over a period of 15 minutes. The reaction mixture was warmed up to room temperature, 
stirred for 5.0 hours under argon then filtered, washing the solids thoroughly with acetonitrile (125 ml.). The 
clear filtrate was evaporated to dryness and dried in vacuo . The free acid (39.71 7 g., orange syrup) was dis- 
solved in ether (400 ml.), treated with dicyclohexylamine (30.2 ml.,1 .0 eq.) and stirred for 30 minutes at room 
temperature under argon. The white precipitates were filtered off, washed thoroughly with ethyl ether (2 x 1 00 
ml.) and dried in vacuo overnight at room temperature to give 41.0 g.of product; [a] D = +31 .8° (c = 1 .4, metha- 
nol). 

c) [S-^S*)]-2,3,4,5-Tetrahydro-3-[^ 
acetic acid, ethyl ester 

A suspension of the dicyclohexylamine salt of (R)-a-(acetylthio)benzenepropanoic acid (850 mg. f 2.1 
mmoles) in ethyl acetate (60 ml.) was washed with 5% potassium bisulfate (5x10 ml.) and brine (10 ml.), dried 
(anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid as a 
clear syrup (497 mg.) in quantitative yield. 

The free acid was dissolved in dry methylene chloride (12 ml.), cooled down to 0° (ice-salt bath) and treated 
with 1-hydroxybenzotriazole hydrate (297 mg., 2.20 mmoles) and 1-ethy1-3-(3- 
dimethylaminopropyl)carbodiimide (435 mg., 2.27 mmoles). The reaction mixture was stirred at 0° under argon 
for 1.0 hour, treated with (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-1H-benzazepine-1-acetic acid, ethyl ester 
[prepared as described by Watthey et al. v J. Med. Chem., 28, p 1511 - 1516 (1985)] (500 mg., 1.91 mmoles) 
and stirring was continued at 0° for 1.0 hour and at room temperature for 1.0 hour. The solution was diluted 
with ethyl acetate (50 ml.) , washed successively with water (8.0 ml.). 5% potassium bisulfate (2x8 ml.), water 
(8.0 ml.), saturated sodium bicarbonate (8.0 ml.) and brine (8.0 ml.), dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate: hexanes (1:4) to give 714 mg. of product as a dear syrup; Rf 
= 0.62 (ethyl acetate:hexanes, 1:1). 
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d) [S-(^S*)]-2,3,4,5-Tetrahydro-3-[(2-me^ 
acetic acid 

A solution of the product from part (c) (714 mg., 1 .52 mmoles) in methanol (9.0 ml.) was purged with argon 
5 for 30 mintues, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged solution of 
1.0 N sodium hydroxide (6.0 ml., 4 eq.), maintaining the bubbling of argon throughout the addition and length 
of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, acidified to pH 2.0 with 5% potassium bi- 
sulfate (26 ml.) and then extracted with ethyl acetate (2 x 50 ml.). The combined organic extracts were washed 
with brine (14 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo. The 
10 crude product was dissolved in methylene chloride (5.0 ml.) and treated protionwise with hexane (50 ml.), 
scratching to form a solid. The supernatant was decanted and the solids triturated with additional hexane (50 
ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. of pentane for 4.0 hours and the next 100 ml. 
overnight under argon. The product obtained was then dried in vacuo to give the product as an amorphous 
solid; R f = 0.47 (methylene chloride: methanohacetic acid, 20:1:1); [a] D = -228° (c = 0.51, methanol). 



Anal, calc'd. for C^^SO^ C 5 H 12 >0.176 CH 2 CI 2 : 


Found: 


0,62.46; 
C.62.81; 


H.5.94; 
H.5.87; 


N.6.48; 
N.6.53; 


S.7.42 
SJ.29. 



1 H-NMR (400 MHz, CDCI 3 ): 5 1.65 (m, 1 H), 2.06 (d, 1 H), 2.51 (m, 2 H), 2.95 (dd, 1 H, J= 7, 14 Hz), 3.17 (m, 
2 H) f 4.39 (d, 1 H, J= 17 Hz), 4.46 (m, 1 H), 4.67 (d, 1 H, J= 17 Hz), 7.02-7.31 (m, 9 H). 

EX AMPLE 25 

25 

[S-(R*,R*)l-Hexahydro-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-oxo-1(2H)-azocineacetic acid 

a) [S«(R*,R*)]-Hexahydro-3-[I(2-acetylthio)-1-oxo-3-phenylpropyl]amino)-2-oxo-1(2H)-azocineacetic acid, 
30 1,1-dimethylethyl ester 

A suspension of the dicyclohexylamine salt of (S)-2-(acety!thio)benzenepropanoic acid (2.63 g, 6.6 mmol) 
in ethyl acetate (50 ml.) was washed twice with 0.1 N hydrochloric acid (50 ml., 25 ml.) and once with brine (25 
ml.), dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving the free acid as an oil. This free 
acid and (S)-3-aminohexahydro-2-oxo-1(2H)-azocineaceticacid f 1,1-dimethylethyl ester [prepared according 
35 to the procedure of Thorsett et al., J. Med. Chem.,29, 251-60 (1986)] (1.66 g, 6.5 mmol) were dissolved in di- 
chloromethane (30 ml.) under an atmosphere of argon and cooled to 0°C. 1-Hydroxybenzotriazole hydrate (891 
mg, 6.6 mmol) and 1-ethyl-3-(3-dimethylamino-propyi)-carbodiimide (1 .26 g., 6.6 mmol) were added. The mix- 
ture was stirred cold for four hours. The mixture was diluted with dichloromethane (100 ml.). The solution was 
washed with water (50 ml.), 5% potassium bisulfate solution (50 ml.), sodium bicarbonate solution (50 ml.), 
and brine (50 mi.). The dichloromethane solution was dried (magnesium sulfate), filtered and freed of solvent 
in vacuo. The remaining foam was chromatographed on silica gel (Merck, 500 ml.), eluting with 25-50% ethyl 
acetate in hexane to give 2.252 g. of product; R, = 0.35, (ethyl acetate:hexane f 1:1). 



b) [S-(R*,R*)]-Hexahydro-3-[[(2-acetylthio)-1-oxo-3-phenylpropyl]amino]-2-oxo-1(2H)-azocineacetic acid 

The product from part (a) was dissolved in trif luoroacetic acid (20 ml. and stirred at room temperature for 
1 .75 hours, under an argon atmosphere. The trif luoroacetic acid was removed in vacuo and toluene was added 
twice and removed in vacuo to leave the acid product as a white foam. 

c) [S-(R*,R*)]-Hexahydrch3-[(2-mercapto-1-oxo-3-phenylpropyl]amino]-2-oxo-1(2H)-azocinea acid 

A solution of the product from part (b) (5.45 mmol) in methanol (30 ml.) was purged with argon for 15 min- 
utes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise with con- 
centrated ammonium hydroxide solution (2.0 ml.). After stirring cold for 6.5 hours, additional ammonium hy- 
droxide solution (1.0 ml.) was added and the mixture was capped and left in the refrigerator for 1 8 hours. The 
mixture was acidified to pH 2 with 5% potassium bisulfate solution. The product was extracted into dichloro- 
methane (3 x 50 ml.). The combined organic extracts were dried (magnesium sulfate), filtered and freed of 
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solvent in vacuo leaving a white foam. Ether and hexane were added and the suspension was stirred under 
an argon atmosphere for 1 hour. A white solid was harvested by filtration, washed with more ether and hexane, 
and dried in vacuo to give 1.531 g. of product as a white foam; m.p. 71-90°C; Rf=0.41 (10%methanol in me- 
thylene chloride + 2 drops acetic acid/5 ml.); [a] D = +3.5° (c = 0.75, methanol). 



Anal. calc'd. for C 18 H 2 4N 2 0 4 S: 


Found: 


C t 59.32; 
C.59.02; 


H,6.64; 
H.6.77 


N.7.69; 
NJ.67 


S.8.80 
S t 8.70. 



HPLC: R T = 6.1 min., 62% aqueous methanol containing 0.2% phosphoric acid, 1.5 ml. min., detected at 220 
mm, YMC S-3 (ODS), 6.0 x 150 mm, 3 micron spherical end capped column. H.I, >95%. 

EXAMPLE 26 

(3S)-2,3,4,5-Tetrahydro-3-[[(2-mera 
acetic acid 

a) (Acetylamino)(1-naphthalenylmethyl)propanedioic, diethyl ester 

To a solution of sodium ethoxide (21% in ethanol, 4.613 gm, 67.8 mmol) in ethanol (100 mi) was added 
diethyl acetamidomalonate (14.74 gm, 67.8 mmol), then 1-(bromomethyl)napthalene (10.0 gm, 45.2 mmol). 
The solution was stirred at room temperature for one hour. The reaction mixture was then concentrated to an 
orange oil. The oil was dissolved in ethyl acetate and washed with 50% saturated ammonium chloride water 
and brine, then dried over sodium sulfate, filtered and concentrated to afford an orange solid. The solid was 
recrystallized from ethyl acetate and hexane to afford beige crystals contaminated with malonate. The solid 
was dissolved in 50% ethyl acetate in hexane and purified by flash chromatography on Merck silica gel in 50% 
ethyl acetate in hexane. Those fractions containing pure product were combined and concentrated to afford 
10.225 g. of product as a white solid; m.p. 105-108°C; R f = 0.57 (50% ethyl acetate in hexane). 

b) a-Amino-1-naphthalenepropanoic acid 

Asolution of the product from part (a) (16.182 gm., 47.5 mmol) was suspended in 48% hydrogen bromide 
(100 ml) and refluxed under argon for 14 hours. The hydrogen bromide salt of the product was filtered out of 
solution as a white solid, then taken up in hot (50 °C) water (500 ml) and the solution neutralized with con- 
centrated ammonium hydroxide. The product precipitated out of solution as a fine white solid. Upon filtration 
and drying under high vacuum overnight (18 hours), 8.335 g. of product was obtained as a fluffy white solid; 
m.p. 264 °C. 

c) a-Bromo-1-naphthalenepropanoic acid 

To a solution of the product from part (b) (4.000 g„ 1 8.6 mmol) and potassium bromide (7.63 g., 63.2 mmol) 
in 2.5 N sulfuric acid (35 ml) kept at 0 °C was added sodium nitrite (1.92 g., 27.8 mmol) over one hour. The 
mixture was stirred for an additional hour at 0° C, then was warmed to room temperature and stirred for 2.5 
hours. The reaction mixture was then extracted with ether (3x). The ether layers were combined and washed 
with water and brine, then dried over sodium sulfate, filtered and concentrated to give an orange oil. The oil 
was purified by flash chromatography on Merck silica gel in 70% ethyl acetate in hexane with 1% acetic acid 
added to reduce tailing. Those fractions containing the bromide were combined and concentrated to afford 
slightly contaminated product as an orange oil which solidified upon sitting overnight. Rf = 0.40 (40% ethyl 
acetate in hexane with 1% acetic acid). 

d) g-(Acety1thio)-1-naphthalenepropanoic acid 

To a slurry of potassium thioacetate (0.912 g. f 8.00 mmol) in acetonitrile (300 ml) at 0°C was added the 
product from part (c) (2.030 g., 7.27 mmol) as a solution in acetonitrile (3 ml). The solution was stirred for one 
hour at 0°C f then was warmed to room temperature and stirred for 15 hours. Potassium bromide was then 
filtered out of the reaction mixture and the filtrate concentrated to afford an orange oil. The oil was dissolved 
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in ethyl acetate and washed with 10% potassium bisulfate and brine, then dried over sodium sulfate, filtered 
and concentrated to afford an orange oil. The oil was purified by flash chromatography on Merck silica gel in 
50% ethyl acetate in hexane with 1% acetic acid added to reduce tailing. Those fractions containing product 
were ail contaminated with a compound with an R, = 0.43. Those fractions were pooled and concentrated to 
give an orange oil. The crude product was purified via the dicyclohexylamine salt by dissolving the orange oil 
in ether and adding an equivalent of dicyclohexylamine (18.13 g., 100 mmol) to the solution. The dicyclohex- 
ylamine salt was obtained in 2 crops of brown crystals (1.450 gm) still slightly contaminated with impurity. The 
crystals were suspended in ethyl acetate and shaken with 1 0% potassium bisulfate (3x). The organic layer was 
then washed with water and brine, then dried over sodium sulfate filtered and concentrated to afford 875 mg. 
of product as a yellow oil; R f = 0,40 (40% ethyl acetate in hexane with 1% acetic acid). 

e) (3S)-2,3,4 t 5-Tetrahydro-3-[I2-(acety^ 
pine-1-acetic acid 

The racemic acid product from part (d) (338 mg., 1.23 mmol) and (S)-2,3,4,5-tetrahydro-3-amino-2-oxo- 
1H-1-benzazepine-1-acetic acid, ethyl ester [prepared as described by Watthey et al., J. Med. Chem., 28, p 
1511 - 1516 (1985)] (321 mg., 1.23 mmol) were dissolved in methylene chloride (11 ml) at room temperature 
under argon. The mixture was cooled to 0°C and treated with hydroxy be nzotriazole hydrate (166 mg, 1.23 
mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (259 mg, 1.35 mmol). After stirring for 1 hour, the 
mixture was warmed to room temperature and stirred an additional 4 hours. The volatiles were evaporated 
and the residue was dissolved in ethyl acetate and washed successively with 1 N hydrochloric acid, water, 
saturated sodium bicarbonate, and brine. The organic layer was dried (sodium sulfate), filtered, and concen- 
trated and the residue was flash chromatographed (Merck silica gel) eluting with 50% ethyl acetate in hexanes 
to give 510 mg. of product as an oil (1:1 mixture of diastereomers). Rf = 0.40 (5% acetic acid in ethyl acetate). 



f) (3S)-2,3,4,5-Tetrahydro-3-[[2-mercapto-3-(1-naphthalenyl)-1-oxopropyl]amino]-2-oxo-1H-1-benzazepine- 
1 -acetic acid 



A solution of the product form part (e) (508 mg., 0.98 mmol) in methanol (6 ml., deoxygenated via argon 
bubbling) was cooled to 0° C and treated with 1 N sodium hydroxide (6 ml., deoxygenated via argon bubbling). 
The resulting mixture was stirred under argon for 1 hour. The solution was acidified with 10% potassium bi- 
sulfate and extracted with ethyl acetate. The organic layer was washed with brine, dried (sodium sulfate), fil- 
tered and concentrated to give a clear oil. This residue was flash chromatographed (Merck silica gel) eluting 
with 1% acetic acid in 1:1 hexanes/ethyl acetate. The fractions containing pure product were combined, con- 
centrated, azeotroped with ethyl acetate, and washed with water to remove the acetic acid. The organic layer 
was dried (sodium sulfate), filtered and concentrated. The residue was taken up in ethyl acetate and triturated 
with ethyl ether and hexane. The solvent was removed and the residue was slurried in hexane, stripped, and 
dried in vacuo to give 327 mg of product as a white powdery foam; R< = 0.64 (5% acetic acid in ethyl acetate); 
[ct] D = -1 87.3° (c = 0.43, chloroform). 



Anal, calc'd. for C25H23N2O4S • 0.42 H 2 0: 



Found: 



C.65.98; 


H.5.28; 


N,6.16; 


C.66.29; 


H.5.29; 


N,5.85; 



S.7.05 
S,6.65. 



HPLC: t R = 12.3 min (48.1%) and 14.4 min (51.8 %) (X = 220 nm), YMC S-3 ODS (C-18) 6.0 x 150 mm; 68% 
(10% water-90% methanol-0.2 % phosphoric ackJ)/32% (90% water-1 0% methanol.2% phosphoric acid), flow 
rate = 1.5 ml/min, isocratic. 

Example 27 



[S-(R%R*^3-K2-(AretylthtoH-oxo^^ 
acetic acid 



The product from Example 6 (799 mg., 2.0 mmol.) was added to a de-oxygenated (argon bubbling) solution 
of potassium bicarbonate (378 mg., 3.8 mmol.) in water (25 ml.). Upon dissolution of the starting material, acetic 
anhydride (1.5 ml., 1.62 g., 15.9 mmol.) was added. A milky white solution was obtained which eventually pro- 
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duced a gum. After stirring at room temperature for minutes, the mixture was acidified with 10% hydrochloric 
acid and extracted with ethyl acetate. The ethyl acetate extract was washed with water (3 times) and brine, 
then dried (sodium sulfate), filtered, and stripped. The residue was flash chromatographed (Merck silica gel, 
1% acetic acid in ethyl acetate) and the desired fractions were stripped, azeotrophed with ethyl acetate (3 
5 times), taken up in a small volume of ethyl acetate and triturated with hexane. The solvent was stripped and 
the residue was slurried and stripped twice from hexane to give the title compound as a hard white foam. TLC 
(1% acetic acid in ethyl acetate) R, = 0.41; [a] D = -190.8° (c = 0.68, chloroform). 



Anal, calc'd. for C^H^N^S . 0.13 C 4 H 8 0 2 • 0.5 H 2 0: 


Found: 


C, 61.28; 
C, 61.18; 


H, 5.69; 
H t 5.64; 


N, 6.08; 
N, 5.90; 


S, 6.96 
S, 6.70. 



Examples 28 - 30 

Following the procedure of Example 27 but employing benzoyl chloride as the acylating agent, [S-(R*,R*)]- 
[3-[[2-(benzoylthio)-1-oxo-3-phenylpropyl]am acid 
was obtained; m.p. 170 - 171°C; [a] D = -244° (c = 0.30, chloroform). TLC (hexane:ethyl acetate; acetic acid, 
40:60:1) R, = 0.31. 



Anal, calc'd. for C^H^N^S • 0.1 C 4 H 8 0 2 - 0.2 H 2 0: 


Found: 


C, 66.24; 
C, 66.28; 


H. 5.32; 
H, 5.23; 


N, 5.44; 
N, 5.40; 


S, 6.23 
S, 6.18. 



Following the procedure of Example 27 but employing propionic anhydride as the acylating agent, [S- 
^R*)^2, 3,4, 5-tet ra hydrc-3-[[1 -oxo^ 
30 cetic acid was obtained; m.p. 156 - 1 57°C; [a) D = -21 0° (c = 0.31 , chloroform). TLC (hexane:ethyl acetate:acetic 
acid, 40:60:1) 
R f = 0.34. 





Anal, calc'd. for C^HmN^OsS • 0.07 C 4 H 8 0 2 : 


35 




C, 63.30; 


H, 5.81; 


N, 6.08; 


S, 9.96 




Found: 


C, 63.32; 


H, 5.77; 


N, 5.90; 


S, 6.96. 



Following the procedure of Example 27 but employing trimethylacetic anhydride as the acylating agent, 
[S-(R%R*)]-3-[[2-[(2,2-dimethyl-1-oxopropyl)thio]-1-oxo-3-phenylpropyl]amino]-2,3,4,5- 
enzazepine-1 -acetic acid was obtained; m.p. 86 - 90°C; [a] D = -190° (c = 3.06, chloroform). TLC (hexane:ethyl 
acetate:acetic acid, 30:70:1 ) R f = 0.42. 



Anal, calc'd. for C^H^N^S • 0.2 C 6 H 14 • 0.25 H 2 Q: 


Found: 


C, 64.78; 
C, 64.79; 


H, 6.65; 
H, 6.56; 


N. 5.50; 
N, 5.53; 


S, 6.36 
S, 6.30. 
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Example 31 

[S-(^R»)^3,4-Dihydro-H(2-mer<^ 

anoic acid " -— — 

5 

a) (S)-3-[[(Dimethy1ethoxy)caroonyI]amino]^ acid, 
ethyl ester 

A solution of (S)-3-n(dimethylethoxy)-carbonyl]am [pre- 

10 pared as described in Example 13(c), 1.49 g., 5.35 mmol.) in tetrahydrof uran:t-butanol (2:1, 21 ml.) was cooled 
to 0° C. and treated with ethyl acrylate (0.81 ml. 7.50 mmol., 1.4 eq.) and then 1 .0 N t-butanol, potassium salt 
(535 0.1 eq.). The reaction mature was stirred at 0° C for 15 minutes then at room temperature for 2.5 
hours under argon. An additional amount of 1.0 N t-butanol, potassium salt/tetrahydrofuran (270 p}., 0.05 eq.) 
was added to the reaction. The reaction was stirred at room temperature for 45 minutes and then heated to 

is 60° C for 2 hours. The reaction was quenched with 25% ammonium chloride (50 ml.) and extracted with ethyl 
acetate (2 x 100 ml.). The combined organics were washed with 25% ammonium chloride (50 ml.), water (50 
ml.), and brine (50 ml.), dried over magnesium sulfate, filtered and concentrated to yield a clear syrup. The 
residue showed two spots by TLC. 

The reaction was restarted by treating a solution of the mixture (1 .42 g., 5.1 0 mmol.) in tetrahydrof uran:t- 

20 butanol (2:1, 15 ml.) cooled to 0° C, with ethyl acrylate (0.77 ml., 7.14 mmol., 1 .4 eq.) and then 1.0 N t-butanol, 
potassium salt/tetrahydrofuran (510 uL, 0.1 eq.). The reaction mixture was stirred at 0° C. for 15 minutes then 
at room temperature for 3 hours. The reaction was quenched with 25% ammonium chloride (50 ml.) and ex- 
tracted with ethyl acetate (2 x 100 ml.). The combined organics was washed with 25% ammonium chloride 
(50 ml.), water (50 ml.), and brine (50 ml.), dried over magnesium sulfate, filtered and concentrated to yield a 

25 yellow syrup. The residue was purified by chromatography on a 5 x 15 cm. silica gel column eluting with 30% 
ethyl acetate/hexane mixture (2 I.). The desired fractions were combined and concentrated to afford 1.40 g. 
of the title compound as a clear syrup. TLC (5% methanol/chloroform) R f = 0.63. 

b) (S)-3-Amino-3,4-dihydro-4-oxo-1,5-benzoxazepine-5(2H)-propanoic acid, ethyl ester, hydrochloride salt 

30 " ~ ' ' ~ ~~ — - 

The product from part (a) (1 .4 g., 3.7 mmol.) was treated with 4.0 M hydrochloric acid/dioxane (20 ml., 80 
mmol.) and cooled to 0° C. The resultant solution was stirred at 0° C. for 30 minutes, then at room temperature 
for 2 hours. The reaction mixture was concentrated, stripped with ethyl ether (twice), azeotroped with toluene 
(three times) and dried in vacuo for 4 hours affording 1.05 g. of title compound. 

35 

c) [(S-(^R*)]-3-[I2-(Acetylthio)-1^ 
propanoic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexyl amine salt (1.8 g. f 4.40 mmol.) was suspended in 
40 ethyl acetate (1 00 ml.) and washed with 5% potassium bisulfate (5 x 25 ml.) and brine (30 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid. 

This free acid was dissolved in dry methylene chloride (10 ml.), cooled to 0° C. (ice - salt bath) and treated 
with a solution of the product from part (b) (1.05 g. f 3.33 mmol.) in dry methylene chloride (25 ml.), followed 
by triethylamine (0.62 ml., 4.44 mmol., 1.3 eq.) and benzotriazoM-yioxytris-(dimethylamino) phosphonium 
45 hexafluorophosphate (1 .96 g., 4.44 mmol., 1.3 eq.). The reaction mixture was stirred at 0° C for 1 hour then 
at room temperature overnight The reaction mixture was concentrated to dryness, diluted with ethyl acetate 
(150 ml.) and washed with 5% potassium bisulfate (2 x 50 ml.), water (2 x 50 ml.), and brine (50 ml.), dried 
(anhydrous magnesium sulfate), filtered, and evaporated to dryness. The crude product was chromatographed 
on a silica gel column (5x 15 cm), eluting with 30% ethyl acetate/hexane. The desired fractions were combined 
50 and concentrated, affording 740 mg. pure product TLC (10% methanol in chloroformm) R, = 0.74. 

d) [S-^R*)]-3,4-Dihydrc-3-[(2-mera^^ 
propanoic acid 

55 A solution of the product from part (c) (740 mg., 1.53 mmol.) in methanol (15 ml.) was cooled to 0° C (ice- 

salt bath), purged with argon for 30 minutes and then treated dropwise with a previously purged (argon, 30 
minutes) solution of 1.0 N sodium hydroxide (6.1 ml., 4 eq.) maintaining the bubbling of argon throughout the 
addition and length of the reaction. The reaction mixture was stirred at 0° C for 1 hour, acidified at 0° C with 
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5% potassium bisulfate (150 ml.) to pH 1.5 and then extracted with ethyl acetate (3 x 100 ml.). The combined 
organic extracts were washed with brine (100 mi.), dried (anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacuo to a white foam (612 mg.). The residue was purified by column chromatography 
on a 5 X 15 cm. silica gel column eluting with 0.5% acetic acid in ethyl acetate. The residue was dissolved in 
5 methylene chloride (5 ml.) and stripped with hexane (5 times) on the rotovap, scratching the mixture to form 
a white foam/solid. The solid was dried in vacuo overnight to give 590 mg. of product TLC (1% acetic acid in 
ethyl acetate) R, = 0.42. [a] D = -127.6° (c = 1.12, methanol). 





Anal, calc'd. fo^iH^^OsS • 0.03 H 2 0: 


10 




C, 60.86; 


H, 5.36; 


N, 6.75; 


S, 7.73 




Found: 


C, 61.08; 


H, 5.68; 


N, 6.45; 


S, 7.51. 



15 Example 32 

[2R-[2a,3a(S*)]]-3,4-Dihydro-3>[(2>mercapto-1-oxo-3- phenyl pro pyl)amino}-2-methyl-4-oxo- 1,5- be nzoxaze- 
pine- 5(2H)-aceticacid 

20 a) N>[(1,1-Dimethylethoxy)carbony1]-Q-(2-nitrophenyl)-L-threonine 

A solution of N-[(1,1-dimethylethoxy)-carbonyl]-L-threonine (5.02 g., 22.9 mmol.) in dry dimethylforma- 
mide (10 ml.) was added dropwise over a period of 30 minutes to a cooled (0° C) suspension of 60% sodium 
hydride (1.93 g., 48.25 mmol., 2.11 eq.) in dry dimethylformamide (40 ml.). The reaction was stirred at 0°C 

25 until the frothing subsided (about 3.5 hours). The reaction mixture was treated dropwise with 1-fluoro-2-ni- 
trobenzene (2.67 ml., 25.2 mmol., 1 .1 eq.) over a period of 20 minutes and stirred at 0° C under argon for 2 
hours. The reaction mixture was then placed in the cold room (5° C) and stirred overnight. The reaction mixture 
was poured into ice-water (500 ml.) and extracted with ethyl ether (2 x 200 ml.). The aqueous phase was 
brought to pH 1.0 with 6 N hydrochloric acid (200 ml.) and extracted with ethyl acetate (3 x 300 ml.). The com- 

30 bined ethyl acetate extracts were washed with water (2 x 300 ml.), and brine (300 ml.), dried (anhydrous sodium 
sulfate), filtered, evaporated to dryness and dried in vacuo. The crude residue was loaded onto celite and puri- 
fied by chromatography on a 10 X 20 cm. silica gel column. Elution with methylene chloride (31.), 99:1 me- 
thylene chloride:methanol (21.), 95:5 methylene chloride:methanol, and 100:5:0.5 methylene chloride:metha- 
nokacetic acid (5 1.) gave 6.07 g. of title compound. TLC (methylene chloride:methanoi:aceticacid, 100:5;0.5) 

35 R, = 0.16. 



b) N-[(1 ,1-Dimethylethoxy)carbonyl]-Q-(2-aminophenyl)-L-threonine 

A solution of the product from part (a) (1.0 g., 2.94 mmole) in dry methanol (20 ml.) was treated with 10% 
palladium on carbon catalyst (35 mg.) and hydrogenated at 40 psi for 5.5 hours. The reaction was not complete 
so an additional 50 mg. of 10% palladium on carbon catalyst was added and the reaction mixture was hydro- 
genated for an additional 1.5 hours. The reaction mixture was filtered through a celite pad in a millipore unit, 
washing the pad with methanol. The dark filtrate was evaporated to dryness and dried in vacuo to give 0.856 
g. of title product as a dark solid. TLC (methylene chloride: methanol:acetic acid, 20:1 :1) Rf = 0.16. 

c) (2R-cis)-3-n(Dimethylethoxy)carbonyl]am 

A solution of the product from part (b) (0.8 g., 2.58 mmol.) in dry dimethylformamide (6 ml.) was treated 
with 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (495 mg., 2.58 mmol.) and stirred at room temperature 
for 3 hours. The reaction mixture was partitioned between ethyl acetate (50 ml.) and 50% sodium bicarbonate 
solution (50 ml.). The aqueous layer was separated and extracted with ethyl acetate (2x 50 ml.). The combined 
organic extracts were washed with water (3 x 50 ml.) and brine (50 ml.), dried (anhydrous magnesium sulfate), 
filtered, evaporated and dried in vacuo to yield a crude yellow solid. The crude product was chromatographed 
on a silica gel column(5 x 15 cm.), eluting with 25% ethyl acetate/hexane to give 568 mg. of title compound 
as an off white solid. TLC (ethyl acetate :hexane, 1:1) Rf = 0.47. 
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d) (2R-cis)-3-[[(Pimethylethoxy)carbonyl]amm^^^ 
acetic acid, ethyl ester 

A solution of the product from part(c) (319 mg., 1.09 mmol.)and ethyl bromoacetate (151.3 ul. 1.36 mmol., 
5 1.25 eq.) in dry tetrahydrofuran (3 ml.) was added to a cooled 0° C suspension of 60% sodium hydride (53 
mg., 1.32 mmol., 1.21 eq., washed with hexane, 3 times) in dry tetrahydrofuran (2 ml.) over a period of 5 min- 
utes. The reaction mixture was stirred at 0° C for 1 hour and then at room temperature for 30 minutes. The 
reaction mixture was quenched with 25% ammonium chloride solution (5 ml.) and extracted with methylene 
chloride (2 x 20 ml.). The combined organics were washed with 25% ammonium chloride solution (10 ml.) and 
10 brine (10 ml.), dried (anhydrous magnesium sulfate), filtered, concentrated and dried in vacuo to yield 400 mg. 
of title product. TLC (ethyl acetate: hexane, 1:1) R, = 0.55. 

e) (S)-3-Amino-3 > 4-dihydro>2-methyl-4-oxo-1,5-benzoxazepine-5(2H)>acetic acid, ethyl ester, hydrochloride 
salt 

15 

4.0 M Hydrochloric acid in dioxane (5.5 ml., 22 mmole, 20.8 eq.) was added to the product from part (d) 
(400 mg., 1.06 mmol.) cooled to 0° C. The resultant solution was stirred at 0° C. for thirty minutes, then at 
room temperature for 3 hours. The reaction mixture was removed by rotovap, concentrated with ethyl ether 
(3x10 ml.) and dried in vacuo over sodium hydroxide pellets overnight to yield 350 mg. of title product TLC 
20 (methylene chloride:methanol, 9:1) R< = 0.49. 

f) [2R-[2a,3g(S*)]]-3-P-(AcetyUhioH-^ 
5(2H)-acetic acid 

25 A suspension of (S)-2-(acetyl-thio)benzenepropanoic acid, dicyclohexylamine salt (495 mg., 1 .22 mmol., 

1.1 eq.) in ethyl acetate (30 ml.) was washed with 5% potassium bisulfate (5x5 ml.) and brine (10 ml.), dried 
(anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid as a 
clear syrup (278 mg.) in quantitative yield. 

This free acid was dissolved in dry methylene chloride (1 0 ml.), cooled to 0° C. (ice-salt bath) and treated 

30 with a solution of the product from part (e) (350 mg., 1.11 mmol.) in dry methylene chloride (2 ml.), followed 
by triethylamine (163 uJ., 1 .1 7 mmol., 1 .05 eq.) and benzotriazol-1-yloxytris(dimethylamino)phosphonium hex- 
afluorophosphate (515.5 mg., 1.17 mmol., 1.05 eq.). The reaction mixture was stirred at 0° C for 1 hour then 
at room temperature for 3.5 hours. The reaction was not complete by TLC so an additional amount of triethy- 
lamine (54 uJ., 0.389 mmol.) and benzotriazol-1-yloxytris(dimethylamino)phosphonium h exaf I uoro phosphate 

35 (172 mg., 0.389 mmol.) was added and the reaction was stirred for 1 hour. The reaction mixture was concen- 
trated to dryness, washed with 0.5 N hydrochloric acid (2x10 ml.), water (10 ml.), and brine (10 ml.), dried 
(anhydrous magnesium sulfate), filtered, and evaporated to dryness. The crude product was chromatographed 
on a silica gel column (3 x 16 cm.), eluting with 20% ethyl acetate/hexane. The desired fractions were combined 
and concentrated, affording 378 mg. of pure title product. TLC (ethyl acetate: hexane, 1:1) R f = 0.48. 

40 

g) [2R-[2a,3q(S*)]]-3,4-Pihydro-3-K^ 
zepine-5(2H)-acetic acid 

A solution of the product from part (f) (297 mg., 0.61 mmol.) in methanol (4 ml.) was purged with argon 
45 for 30 minutes, cooled to 0° C (ice-salt bat h) then treated dropwise with a previously purged (argon, 30 minutes) 
solution of 1.0 N sodium hydroxide (2.45 ml., 4 eq.) maintaining the bubbling of argon throughout the addition 
and length of the reaction. The reaction mixture was stirred at 0° C for 1 hour, acidified at 0° C with 5% po- 
tassium bisulfate (20 ml.) to pH 1.5 and then extracted with ethyl acetate (2 x 50 ml.). The combined organic 
extracts were washed with brine (25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness 
so and dried in vacuo to yield a glassy oil (351 mg.). The crude residue was dissolved in methylene chloride (5 
ml.) and treated portionwise with hexane (50 ml.), scratching the mixture to form a solid. The supernatant was 
decanted and the solids triturated with more hexane (50 ml.) and pentane (2 x 100 ml.), stirring with the first 
100 ml. of pentane for 4 hours and the next 100 ml. overnight under argon. The pentane was decanted and 
the white amorphous solid was dried in vacuo overnight to give 240 mg., of title product. TLC (2% acetic acid 
55 in ethyl acetate) R, = 0.48; [a] D = -101.1 (c = 1, methanol). 
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Anal.calc'd. for C^H^^OgS • 0.40 C 4 H 8 0 2 • 0.08 H 2 0: 


5 


Found: 


C, 60.36; 
C, 60.17; 


H, 5.65; 
H, 5.57; 


N, 6.23; 
N, 6.16; 


S, 7.13 
S, 7.45. 



Example 33 

10 Following the procedure of Example 32 but starting with allo-L-threonine, [2S-[2a,3p(R*)]]-3,4-dihydro-3- 
[(2-mercapto-1-oxo-3-phenylpropyl)amm^^ acid was ob- 

tained; [a] D = -174.3° (c = 0.89, methanol) TLC (1% acetic acid in ethyl acetate) R, = 0.43. 



15 



Example 34 

(2S)-3-[(2-Mercapto-1-oxo-3-phenylpropyl)amino]-3,4,5,^^ 
acid 



a) 1-Benzosuberone, oxime 

20 

A solution of hydroxyiamine hydrochloride (2.39 g. t 34.33 mmole, 1.1 eq.) in water (16 ml.) was added to 
a solution of 1-benzosuberone (4.67 ml., 31.21 mmole) in pyridine (9.0 ml.) and ethanol (16 ml.). The reaction 
mixture was refluxed (bath temperature 105° C) for 35 minutes. The reaction mixture was cooled, diluted with 
ethyl acetate (100 ml.) and water (40 ml.) and the layers were separated. The aqueous layer was extracted 
25 with ethyl acetate (2 x 50 ml.). The combined organic extracts were washed with 1N hydrochloric acid (3 x 
100 ml.), dried (anhydrous magnesium sulfate), filtered, and concentrated to obtain a crude off-white solid 
(5.60 g.). The residue was purified by chromatography on 10 x 20 cm. silica gel column. Elution with hexane 
(21), followed by 10% ethyl acetate/hexane (5 1.) afforded 4.40 g. of title compound as an off-white solid. TLC 
(10% ethyl acetate/hexane) R f = 0.35. 

30 

b) 3,4,5,6-Tetrahydro-1-benzazocin-2(1 H)-one 



Concentrated sulphuric acid (8.8 ml.) was added in one portion to a suspension of the product from part 
(a) (4.33 g„ 24.71 mmol.) in glacial acetic acid (4.4 ml.). The temperature rose to 83° C. and the reaction mixture 

as was heated to 160° C. (oil bath) for 10 minutes. The reaction mixture was allowed to cool to room temperature 
and was then poured into ice-water (100 ml.). The reaction mixture was adjusted to pH 11 with 10 N sodium 
hydroxide solution. The mixture was diluted with ethyl acetate (250 ml.) and water (100 ml.) and the layers 
were separated. The aqueous layer was extracted with ethyl acetate (3 x 1 00 m!.). The combined ethyl acetate 
extracts were washed with water (150 ml.) and brine (150 ml.), dried (anhydrous sodium sulfate), filtered and 

40 concentrated to yield 2.8 g. of title product. TLC (ethyl acetate) R f = 0.33. 



c) 3,4 l 5 t 6-Tetrahydro-3-bromo-1-benzazocin-2(1H)-one 



A solution of the product from part (b) (8.31 g., 47.42 mmole) in chloroform (115 ml.) was cooled to 0° C, 
45 treated with phosphorus pentachloride (11.36 g., 54.53 mmole, 1.15 eq.) and iodine (114 mg.) and stirred for 
30 minutes at 0° C. under argon. The yellow reaction mixture was treated with bromine (2.92 ml., 56.90 mmole, 
1.2 eq.), warmed to room temperature and refluxed under argon for 3.5 hours. The reaction mixture was al- 
lowed to cool to room temperature and added to ice-water (100 ml.). The layers were separated and the chloro- 
form layer was washed with water (100 ml.), dried over magnesium sulfate, filtered and concentrated. The 
so crude residue was recrystallized from hot ethyl acetate affording 8.69 g. of title product. TLC (ethyl acet- 
ate:hexane. 1:1) R f = 0.36. 



d) 3,4,5,6-Tetrahydro-3-azido-1-benzazocin-2(1H)-one 

55 A solution of the product from part (c) (6.87 g., 27.03 mmole) and sodium azide (2.28 g., 35.14 mmole, 

1.3 eq.) in dimethylsulfoxide (130 ml.) was stirred at 60° C (oil bath) under argon for 5 hours. The reaction 
mixture was cooled to room temperature and poured into cold water (400 ml.) and stirred for 15 minutes. The 
precipitate was filtered, washing the solids with water (11.) and dried overnight in vacuo over drierite to give 
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the title product TLC (ethyl acetate: hexane. 1:1) Rf = 0.63. 

e) 3-Azido-3 f 4,5,6-tetrahydro-2>oxo-1-benzazocine>1(2H)-acetic acid, ethyl ester 

5 A solution of the product from part (d) (5.454 g., 25.22 mmole) and ethyl bromoacetate (3.5 ml., 31.53 

mmole, 1.25 eq.) in dry tetrahydrofuran (50 ml.) was added to a cooled (0° C.) suspension of 60% sodium hy- 
dride [1.23 g., 30.77 mmole, 1.22 eq.; washed with hexane (3 x 10 ml.)] in dry tetrahydrofuran (15 ml.) over a 
period of 15 minutes. The mixture was stirred at 0° C. for 1 hour and then at room temperature for 30 minutes. 
The reaction mixture was quenched with 25% ammonium chloride solution (100 ml.) and extracted with ethyl 

10 acetate (2 x 250 ml.). The combined ethyl acetate extracts were washed with 25% ammonium chloride solution 
(100 ml.) and brine (100 ml.), dried (anhydrous magnesium sulfate), filtered, and concentrated to yield the title 
compound as a yellow oil. TLC (35% ethyl acetate/hexane) R f = 0.35. 

Q 3-Amino-3,4,5,6-tetrahydro-2-oxo-1-benzazocine-1(2H)-acetic acid, ethyl ester 

15 

A solution of the product from part (e) (9.0 g., 29.83 mmole) in absolute ethanol (50 ml.) was treated with 
10% palladium on carbon catalyst (900 mg.) and hydrogenated at 45 psi for 5 hours, venting the Parr bottle 
twice in the first 1 .5 hours. The mixture was filtered through a millipore unit, washing thoroughly with ethano!. 
The clear filtrate was evaporated to dryness and dried in vacuo to afford 7.59 g. of the title product as a thick 
20 yellow syrup. TLC (10% methanol/methylene chloride) R f = 0.29. 

g) (2S)-3-[[2-(Acetylthio)-1-oxc-3-p^ 
acetic acid, ethyl ester 

25 A suspension of (S)-2-(acetylthio)benzene propanoic acid dicyclohexylamine salt (2.1 g., 5.18 mmole. 1.1 
eq..) in ethyl acetate (100 ml.) was washed with 5% potassium bisulfate (5 x 25 ml.) and brine (30 ml.), dried 
(anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid as a 
clear syrup (1.24 g.) in quantitative yield. 

This free acid was dissolved in dry methylene chloride (45 ml.), cooled to 0° C. (ice-salt bath) and treated 

30 with a solution of the product from part (f) (1.3 g„ 4.71 mmole) in dry methylene chloride (10 ml.), followed by 
triethylamine (723 u.!., 5.18 mmol., 1.1 eq.) and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexa- 
fluorophosphate (2.29 g., 5.18 mmol., 1.1 eq.). The reaction mixture was stirred at 0° C. for 1 hour then at 
room temperature overnight. The reaction mixture was concentrated to dryness, diluted with ethyl acetate (125 
ml.), washed with 0.5 N hydrochloric acid (2 x 25 ml.), water (25 ml.), and brine (25 ml.), dried (anhydrous mag- 

35 nesium sulfate), filtered, and evaporated to dryness. The crude product was chromatographed on a silica gel 
column (3 x 16 cm.), eluting with 30 % ethyl acetate/hexane. The desired fractions were combined and con- 
centrated, affording 1.77 g. of pure title compound. (1:1 mixture of dia stereoisomers). TLC (ethyl acetate:hex- 
ane, 1:1) R f = 0.39. 

40 h) (2S^3-[(2-MercaptcM-oxo-3-phenylpro 
acid 

A solution of the product from part (g) (1.75 g„ 3.62 mmole) in methanol (25 ml.) was purged with argon 
for 30 minutes, cooled to 0° C (ice-salt bath) then treated dropwise with a previously purged (argon, 30 minutes) 

45 solution of 1.0 N sodium hydroxide (14.5 ml., 4 eq.) maintaining the bubbling of argon throughout the addition 
and length of the reaction. The reaction mixture was stirred at 0° C. for 1 hour, acidified at 0° C with 5% po- 
tassium bisulfate (200 ml.) to pH 1.5 and then extracted with ethyl acetate (2 x 200 ml.). The combined organic 
extracts were washed with brine (200 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness 
and dried in vacuo to yield a white foam (1.67 g.). The crude residue was dissolved in methylene chloride (10 

50 ml.) and treated portionwise with hexane (50 ml.), scratching the mixture to form a solid. The supernatant was 
decanted and the solids triturated with more hexane (50 ml.) and pentane (2 x 100 ml.), stirring with the first 
100 ml. of pentane for 4 hours and the next 100 ml. overnight under argon. The pentane was decanted and 
the white amorphous solid was dried in vacuo overnight to give 1 .388 g. of title product (1:1 mixture of dia- 
stereoisomers);m. p. 107- 111° C; [a] 0 = +28.3° (c= 1.0, methanol). TLC (methylene chloride methanol: acetic 

55 acid, 20:1:1) R f = 0.44. 
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Example 35 

[4S-[4a,7a(R*),10ap]]-Decahydro-7-[(2-mercap^^^ 
4-carboxylic acid 

5 

a) (S)-2-Phthalimido-4-pentenoic acid, dicyclohexyl amine salt 

A homogeneous solution of (S)-2-amino-4-pentenoic acid (2.988 g. t 25.9 mmol) and sodium carbonate 
(2.600 g., 24.5 mmol.) in water (55 ml.) was treated with solid N-(carbethoxy)phthalamide (5.677 g. f 25.9 
10 mmol.). After stirring at room temperature for 2.5 hours, the mixture was acidified with 10% hydrochloric acid 
and extracted with ethyl acetate. The ethyl acetate extract was washed with brine, dried (sodium sulfate), fil- 
tered, and stripped. The residue was flash chromatographed twice (2% acetic acid in ethyl acetate) and the 
desired product fractions were combined, stripped, and azeotroped with toluene. The residue was dissolved 
in ethyl ether, treated with 5.3 ml. of dicyclohexyl amine and seeded. The resulting white precipitate was col- 
ts lected by fitration, washed with ethyl ether, and dried in vacuo to give 7.620 g. of pure title product; m.p. 196 
- 197 Q C; [ct] D = -13.9° (c = 0.8, methanol). TLC (5% acetic acid in ethyl acetate) R, = 0.57. 

b) [S-(R*,R*)]-2-(2-Phthalimido-1-oxo-4-pentenyl)amino]-6-hydroxyhexanoic acid, methyl ester 

20 A slurry of (S)-2-amino-6-hydroxyhexanoic acid (2.42 g., 16.4 mmole) in dry methanol (60 ml.) was treated 

with gaseous hydrogen chloride until the mixture began to reflux. The homogeneous solution was then stirred 
at room temperature for 2.5 hours. The solvent was stripped and the residue azeotroped three times with tol- 
uene to give crude (S)-2-amino-6-hydroxyhexanoic acid, methyl ester, hydrochloride salt as an oil. This oil was 
dissolved in dimethyrformamide (20 ml.) and methylene chloride (50 ml.) and treated with 4-methyl morpholine 

25 (3.20 ml., 2.94 g., 29.1 mmole). This mixture was cooled to 0° C. and treated with (S)-2-phthalimido-4-pente- 
noic acid [obtained from 7.0 g., 16.4 mmole of the salt product from part (a) by partitioning between 10% po- 
tassium bisulfate and ethyl acetate] in methylene chloride (10 ml.), followed by solid hydroxybenzotriazole (2.22 
g., 16.4 mmole) and ethyl-3-(3-dimethylamino)propyl carbodiimide, hydrochloride salt (3,458 g M 18.0 mmole). 
After stirring at 0° C. for 0.5 hour and at room temperature for 2 hours, the reaction was partitioned between 

30 ethyl acetate and 0.5 N hydrochloric acid. The ethyl acetate extract was washed successively with water, 50% 
saturated sodium bicarbonate, and brine, then dried (sodium sulfate), filtered and stripped. The residue was 
flash chromatographed (Merck silica gel, ethyl acetate) to give pure title compound as an oil which solidified 
upon standing. The solid was triturated with ethyl ether and hexane and collected by filtration to give 5.149 
g. of analytically pure title product; m.p. 90 - 92° C; [a] D = +25.6 (c = 1.1, chloroform). TLC (ethyl acetate) R< 

35 = 0.36. 

c) [S-(R*,R*)]-2-[(2-Phthalimido-1-oxo-4-pentenyl)amino]-6-oxohexanoic acid, methyl ester 

A -78 °C solution of oxalyl chloride (1.38 ml., 0.95 g., 7.5 mmol.) in methylene chloride (70 ml.) was treated 
40 dropwise with a solution of dry dimethylsulfoxide (2.20 ml., 2.00 g., 25.6 mmol.) in methylene chloride (2 ml.). 
After 10 minutes, the mixture was treated with a solution of the product from part (b) (5.04 g., 13.0 mmol.) in 
methylene chloride (15 ml.). After an additional 10 minutes, triethylamine (9.0 ml.) was added and the mixture 
was stirred at -78° C. for 5 minutes, then allowed to warm gradually to 0° C. The mixture was partitioned be- 
tween ethyl acetate/ethyl ether and 0.5 N hydrochloric acid. The organic extract was washed with 50% satu- 
45 rated sodium bicarbonate and brine, then dried (sodium sulfate), filtered and stripped. The residue was crys- 
tallized from ethyl acetate/ethyl ether to afford compound 4.567 g. of title product as a white solid. The mother 
liquor was flash chromatographed (Merck silica gel, 6/4-ethyl acetate/hexanes) and crystallized to give an ad- 
ditional 184 mg. of product for a total of 4.751 g.; m.p. 74 - 76° C; [a] D = +25.2° (c = 1.3, chloroform). TLC 
(ethyl acetate:hexanes, 6:4) R f = 0.22. 

50 

d) [S-(R*,R>1 f 2,3.4-Tetrahydro-(1-oxo-2-phthalimido-4-penteny1)-2-pyridinecarboxylic acid, methyl ester 

Asolution of the product from part (c) (3.657 g., 9.46 mmole) and trif luoroacetic acid (1 90 uJ.) in methylene 
chloride (70 mi.) was ref luxed under argon for 1 .5 hours. The cooled mixture was washed with dilute aqueous 
55 sodium bicarbonate, dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed 
(Merck silica gel), 1:1 ethyl acetate: hexanes) to afford 3.417 g. of the title product as an oil/foam. TLC (ethyl 
acetate:hexanes) R f = 0.50. 
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e) [4S-(4tt,7a,10aP)]-Decahydro-9-iodo-6-oxo-7- phthalimidopyrido[1,2-a]azepine,4-carboxylic acid t methyl 
ester 

A solution of the product from part (d) (1.427 g., 3.87 mmole) In methylene chloride (8.8 ml.) was added 
5 dropwise to a mixture of trifluoromethanesulfonic acid (2.2 ml.) and trifluoromethanesulfonic anhydride (210 
pi.) at room temperature. The bright yellow solution was stirred for 5.5 hours, then poured into ice water and 
extracted with ethyl acetate. The ethyl acetate extract was washed with brine, dried (sodium sulfate), filtered 
and stripped. The crude residue (predominantly a mixture of carboxylic acids) was dissolved in methanol (3 
ml.) and methylene chloride (20 ml.) and treated with excess ethereal diazomethane for 25 minutes. The ex- 
10 cess diazomethane was removed via argon bubbling and the solvent was stripped. The residue was dissolved 
in methyl ethyl ketone (40 ml.) and treated with sodium iodide (2.48 g.). After stirring at room temperature for 
1 hour, the mixture was partitioned between ethyl acetate and water which contained a small amount of sodium 
bisulfite. The organic layer was washed with brine, dried (sodium sulfate), filtered and stripped. The residue 
was flash chromatographed (Merck silica gel, 1:1 ethyl acetate:hexanes followed by 6:4 ethyl acetate: hex- 
15 anes)togive 1.125g. of title product as a white foam; [a] D = -17.1 °(c = 0.7, chloroform). TLC (ethyl acetate:hex- 
anes, 6:4) Rf = 0.43. 

In addition 206 mg. of [4S-(4a.7a,10aP))- 1,2,3,4,6,7,8, 10a-octahydro-6-oxo-7-phthalimidopyrido[1, 2- 
ajazepine, 4-carboxylic acid, methyl ester was obtained and was triturated with ethyl ether to a white solid; 
m.p. 162 - 166° C; [a] D = -106.0° (c = 0.8, chloroform). TLC (ethyl acetate:hexanes, 6:4) R, = 0.36. 

20 

f) [4S-(4a,7a,10ap)]-Pecahydro-6-oxo-7-phthalimidopyrido[1,2-a]azepine, 4-carboxylic acid, methyl ester 

A solution of the title product from part (e) (1.068 g., 2.15 mmole) and tris(tri met hylsilyl)si lane (1.0 ml., 
806 mg., 3.2 mmol.) in dry benzene (10 ml.) was heated to 50° C. and treated every 30 minutes with a catalytic 

25 amount (2-3 mg) of 2,2'-azobisisobutyronitrile. After 3.5 hours, additional silane (400 uL) was added and the 
reaction was continued. After 5 hours, the slightly cloudy solution was cooled to room temperature and con- 
centrated. The residue was triturated with ethyl ether and the resulting solid was collected by filtration and 
washed thoroughly with ethyl ether affording 522 mg. of essentially pure title product. The mother liquor was 
flash chromatographed (Merck silica gel, ethyl acetate:hexanes, 1:1) to give an additional 261 mg. of pure prod- 

30 uct for a total of 783 mg.; m. p. 179 - 181° C; [a] D = -10.6° (c = 0.9, chloroform). TLC (ethyl acetate: hexanes, 
1:1) R f = 0.25. 

g) [4S-[4a,7a(R*),10ap]l-Derahydro-7-[[2^^ 
pine-4-carboxylic acid, methyl ester 

35 

The product from part (f) (786 mg., 2.12 mmole) in methanol (10 ml.) and methylene chloride (2 ml.) was 
treated with hydrazine monohydrate (135 ul, 2.8 mmol.) and the solution was stirred at room temperature for 
66 hours. The mixture was filtered and the solid was washed with methanol. The filtrate was stripped, tritu- 
rated with methylene chloride, and filtered again. The filtrate was washed with water and the aqueous layer 
40 was back-extracted with methylene chloride. The pooled methylene chloride extracts were dried (sodium sul- 
fate), filtered and stripped to afford 479 mg. of crude [4S-(4a,7a,10ap)J-decahydro-7-amino-6-oxopyrido[1 ,2- 
aJ-azapine-4-carboxylic acid, methyl ester as a colorless oil. TLC (10% methanol in methylene chloride) Rf = 
0.18. 

A cold (0° C.) solution of (S)-2-(acetylthio)benzenepropanoic acid [obtained from the dicyclohexylamine 
45 salt as described previously, 524 mg., 2.33 mmol.), triethylamine (295 pi., 214 mg., 2.11 mmol.) and the above 
crude amine in methylene chloride (15 ml.) was treated with benzotriazol-1-yloxytris(dimethylamino)phospho- 
nium hexafluorophosphate (940 mg. t 2.1 2 mmol.). The solution was stirred at 0° C. for 1 hour and then at room 
temperature for 2 hours. The solvent was stripped and the residue was partitioned between ethyl acetate and 
1 N hydrochloric acid. The organic layer was washed successively with water, 50% saturated sodium bicar- 
50 bonate and brine, then dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed 
(Merck silica gel, ethyl acetate: hexanes, 1:1) to give 770 mg. of pure title compound as a white foam. TLC 
(ethyl acetate:hexanes) Rf = 0.27. 

h) [4S-[4g,7a(R*),10ap]]-Decahydro-7-[(2-m^ 
55 pine-4-carboxylic acid 

A room temperature solution of the product from part (g) (755 mg., 1.70 mmol.) in methanol (8 ml., deox- 
ygenated via argon bubbling) was treated with 1 N sodium hydroxide (10 ml., deoxygenated via argon bub- 
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10 



15 



bling). After stirring for 3 hours, the mixture was acidified with 10% hydrochloric acid, diluted with water and 
extracted with ethyl acetate. The ethyl acetate extract was washed with brine, then dried (sodium sulfate), fil- 
tered and stripped. The residue was flash chromatographed (Merck silica gel, 1% acetic acid in ethyl acetate). 
The desired product fractions were stripped, azeotroped three times with ethyl acetate, taken up in a small 
amount of ethyl acetate and triturated with hexanes. The solvents were removed by rotary evaporation and 
the residue was again triturated with hexanes, stripped and dried in vacuo to afford 654 mg. of title product 
as a white amorphous powder; [a] D = -31.0° (c = 0.8, chloroform). TLC (2% acetic acid in ethyl acetate) R f = 
0.51. 



Anal, calc'd.for C^Ha^CUS 0.16 C 4 H 8 0 2 • 0.3 H 2 0: 



Found: 



C, 60.46; 


H, 6.85; 


N, 6.83; 


C, 60.57; 


H, 7.07; 


N, 6.57; 



S, 7.82 
S, 7.63. 



Example 36 



20 



25 



30 



35 



40 



[3S-[3a(R*),7p]]-Hexahydro-3-[(2-mera 
1-acetic acid 

a) (S)-N-(2-Phthalimido-1-oxohexy1)glycine, ethyl ester 

A slurry of glycine, ethyl ester, hydrochloride salt (2.718 g, 19.5 mmol.) in dimethylformamide (36 ml.) was 
treated with 4-methyl morpholine (2.60 ml., 2.39 g. t 23.6 mmol.) and stirred at room temperature for 5 minutes. 
The mixture was then treated with (S)-2-phthalimido-6-hydroxyhexanoic acid (4.50 g., 16.2 mmol.) and hy- 
droxybenzotriazole (2.225 g., 16.5 mmol.), cooled to 0° C, and then treated with ethy!-3-(3-dimethylamino)- 
propyl carbodiimide, hydrochloride salt (3.438 g., 17.9 mmol.). After stirring at 0° C. for 1 hour and at room 
temperature for 2 hours, the mixture was partitioned between ethyl acetate and 0.5 N hydrochloric acid and 
subsequently extracted three times with ethyl acetate. The pooled ethyl acetate extracts were washed in suc- 
cession with water, saturated sodium bicarbonate, and brine, then dried (sodium sulfate), filtered and stripped 
to give 5.77 g. of title product as a colorless oil. TLC (ethyl acetate) R f = 0.34. 

b) (S)-N (2-Phthalimido-1,6-dtoxohexyl)glycine t ethyl ester 

A-78° C. solution of oxalyl chloride (1.67 ml., 2.43 g., 1 9.1 mmol.) in methylene chloride (50 ml.) was treat- 
ed dropwise with a solution of dry dimethylsulfoxide (2.70 mi., 2.97 g., 38.0 mmol.) in methylene chloride (2 
ml.). After 15 minutes, a solution of the product from part (a) (5.770 g., 15.9 mmol.) in methylene chloride (25 
ml.) was added. After an additional 15 minutes, the mixture was treated with triethyiamine (10.0 ml.), stirred 
at -78° C for 5 minutes, then let warm to 0° C. The resulting mixture was washed with 1 N hydrochloric acid 
and brine, then dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck 
silica gel, ethyl acetate: hexanes, 80:20) to give 5.170 g. of title compound as a colorless oil. 



45 



50 



55 



c) (6S-trans)-Tetrahydro-6-phthalimido-oxazolo[3,2-b]azepine-2,5(3H,6H)-dione 

Asolution of the product from part (b) (5.16 g., 14.3 mmol.) in trifluoroaceticacid (40 ml.) and chloroform 
(160 ml.) was refluxed under argon for 42 hours. The mixture was cooled to room temperature and neutralized 
with saturated aqueous sodium bicarbonate. The layers were separated and the aqueous layer was extracted 
with methylene chloride. The pooled organic layers were washed with brine, dried (sodium sulfate), and filtered 
through a short plug of silica gel, washing with 1:1-ethyl acetate: methylene chloride. The filtrate was stripped 
to give a solid residue. The residue was slurried in methylene chloride and triturated with ethyl ether to give 
3.437 g. of title product as a white solid, m.p. 234-240° C. TLC (acetone:hexane, 1:1) R, = 0.51. 

d) (3S-t rans)-Hexahydro-3-phthalimido-2-oxo-7-(2- prop enyl)- 1 H-azepine- 1-acetic acid 

Asolution of the product from part (c) (2.6 g., 8.27 mmol.) and allyltrimethylsilane (10.0 ml., 7.19 g. t 62.9 
mmol.) in methylene chloride (75 ml.) at room temperature was treated with stannic bromide (1.0 M in methy- 
lene chloride, 16.5 ml., 16.5 mmol.). After stirring at room temperature for 9 hours and then at -20° C. for 14 
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hours, the mixture was quenched with water and extracted with ethyl acetate/ethyi ether. The extract was 
washed with brine, dried (sodium sulfate), filtered and stripped to give a cloudy white oil. The oil was flash 
chromatographed (Merck silica gel, 2% acetic acid in ethyl acetate) to give 2.810 g. of the diastereomerically 
pure title compound as a white foam. TLC (5% acetic acid in ethyl acetate) R, = 0.55. 

5 

e) (3S-trans)-Hexahydro-3-phthalimido-2-oxo>7-(2-propenyj)-1H-azepine>1>acetic acid, methyl ester 

Acold (0° C.) solution of the product from part (d) (2.50 g., 7.0 mmol.) in methanol (20 ml.) and ethyl ether 
(30 ml.) was treated with excess ethereal diazomethane for 10 minutes. The excess diazomethane was de- 
10 stroyed by the addition of acetic acid and the solvent was removed on the rotary evaporator to give a yellow 
oil. The oil was flash chromatographed (Merck silica gel, 1:1-ethyl acetate: hexanes) to obtain the product as 
a foam. The foam was dissolved in hot ethyl ether containing a little methylene chloride, cooled, and seeded 
to give 2.072 g. of crystalline title product. The mother liquor yielded an additional 262 mg. of product for a 
total of 2.334 g.; m. p. 107-109° C. TLC (ethyl acetate: hexane, 1:1) R,= 0.29 

15 

f) [3S-[3a(R*),7p]>Hexahydro-3-[[2^^^ 
pine-1-acetic acid, methyl ester 

A slurry of the crystalline product from part (e) (492 mg., 1.33 mmol.) in methanol (10 ml.) was treated 

20 with hydrazine monohydrate (142 uJ, 147 mg., 2.93 mmol.) and the solution was briefly warmed to effect sol- 
ubilization of the starting material. After stirring at room temperature for 18 hours, the mixture was diluted 
with methylene chloride and filtered. The filtrate was stripped, slurried in methylene chloride, filtered and strip- 
ped again to give the crude amine (270 mg. t ) as a colorless oil. Acold (0° C.) solution of the amine and (S)- 
2-(acetylthio)benzenepropanoic acid (obtained from the dicyclohexyl amine salt as described previously, 287 

25 mg., 1.28 mmol.) in methylene chloride (12 ml.) was treated with triethylamine (172 uJ., 125 mg., 1.23 mmol.) 
followed by benzotriazol-1-yioxy-tris(dimethylamino)phosphonium hexafluorophosphate (547 mg., 1.24 
mmol.). The clear, nearly colorless solution was stirred at 0° C. for one hour and then at room temperature 
for 2 hours. The mixture was stripped, then partitioned between ethyl acetate and 1 N hydrochloric acid. The 
ethyl acetate extract was washed successively with water, 50% saturated sodium bicarbonate and brine. The 

30 solution was dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica 
gel, hexanes:acetone:ethyl ester, 6:3:1) to give 352 mg. of title product as an 84:16 mixture of diastereomers. 
This material was pooled with a similarly impure batch of product and the combined material was purified by 
preparative reverse-phase high performance liquid chromatography (YMC SH-365-10 S-10 120AODS, 30 x 
400 mm column, isocratic 66% methanol/34% water, 50 ml/min, detecting at 220 nm, title product t R = 22.6 

35 min., impurity t R = 28.7 min.). The title product was obtained as a colorless oil in 98.2% purity. TLC(acet- 
one:hexanes, 4:6) R, = 0.38. 

g) [3S-[3a(R*),7p]]-Hexahydro-3-[(2-m^ 
pine-1-acetic acid 

40 

A room temperature solution of the product from part (f) (720 mg., 1.61 mmol.) in methanol (12 ml., de- 
oxygenated via argon bubbling) was treated with 1 N sodium hydroxide (10 ml., deoxygenated via argon bub- 
bling). After stirring for 20 minutes, the solution was acidified with 1 0% hydrochloric acid (5 ml.) and extracted 
with ethyl acetate. The ethyl acetate extract was washed with water and brine, then dried (sodium sulfate), 

45 filtered and stripped to afford an oil. The material was flash chromatographed (Merck silica gel, 2-5% acetic 
acid in ethyl acetate). The product containing fractions were pooled and stripped, and the residue was azeo- 
troped three times with ethyl acetate. The resulting oil/foam was dissolved in a small amount of ethyl acetate 
and then triturated with hexane to produce a white oil/foam. The mixture was stripped to dryness, slurried in 
hexane, stripped to dryness again, and dried in vacuo to give 616 mg. of title product as a hard white foam; 

50 [ a ] D = -48.5° (c = 0.63, chloroform). TLC (5% acetic acid in ethyl acetate) R, = 0.56. 





Anal, calc'd. for Q^^C^S • 0.2 H 2 0: 






C, 60.95; 


H, 6.75; 


N.7.11; 


S, 8.14 


55 


Found: 


C, 60.98; 


H, 6.93; 


N, 6.93; 


S, 7.94 
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Example 37 

[3S-[3a,(R*),7p]]-Hexahydro-3-[(2-mercapto-1-oxo-3- phenylpropyl)amino]-2-oxo-7-propyl-1H-azepine-1- 
acetic acid 

5 

a) (3S-trans>Hexahydro-3-phthalimido-2-oxo-7-propyl-1H>azepine>1-acetic acid, methyl ester 

Asolution of the productfrom Example 36(e) (767 mg., 2.07 mmol.) in methanol (10 ml.) and ethyl acetate 
(10 ml.) was hydrogenated (balloon) over palladium (10% on carbon 1 62 mg.) at room temperature for one hour. 
10 The mixture was filtered through Cetite, stripped, redissolved in ethyl acetate, filtered through a plug of silica 
gel and stripped again to afford 780 mg. of title product as a colorless oil. TLC (ethyl acetaterhexanes, 1:1) 
Rf=0.29. 

b) [3S-[3a(R*),7p]]-Hexahydro-3-[[2-(acetylthto^ 
15 acetic acid, methyl ester 

The product from part (a) (774 mg., 2.07 mmol.) in methanol (8 ml.) was treated with hydrazine monohy- 
drate (222 uJ., 229 mg., 4.58 mmol.) and the solution was stirred at room temperature for 23 hours. The mixture 
was diluted with 0.5 N hydrochloric acid (20 ml.)and stirred at 0° C. for 2 hours. The solution was filtered and 
20 the filtrate was washed with ethyl acetate. The ethyi acetate extract was back-extracted once with water and 
the pooled aqueous layers were made basic with 1 N sodium hydroxide. Extraction with methylene chloride 
(three times) followed by drying (sodium sulfate) and evaporation of the solvent afforded the crude amine (354 
mg.,) as a colorless oil. 

A cold (0° C.) solution of this crude amine and (S)-(acetylthio)benzenepropanoic acid [obtained from the 
25 dicyclohexylamine salt as described previously, 344 mg., 1 .53 mmol.) in methylene chloride (12 ml.) was treat- 
ed with triethylamine (214 ul. f 154 mg., 1.53 mmol.) followed by benzotriazol-1-yloxytris(dimethylamino)phos- 
phonium hexafluorophosphate (679 mg., 1.54 mmol.). The clear, nearly colorless solution was stirred at 0° C. 
for one hour and then at room temperature for one hour. The mixture was stripped, then partitioned between 
ethyl acetate and 0.5 N hydrochloric acid. The ethyl acetate extract was washed successively with water, 50% 
30 saturated sodium bicarbonate and brine. The solution was dried (sodium sulfate), filtered and stripped. The 
residue was flash chromatographed (Merck silica gel, 6:4-hexanes:acetone) to give 510 mg. of pure title prod- 
uct as a colorless oil. TLC (acetone: hexanes, 4:6) Rf = 0.31. 

c) [3S-[3a(R*),7p]]-Hexahydro-3-[(2-merra^ 
35 acetic acid 

A room temperature solution of the productfrom part(b) (502 mg, 1.12 mmol) in methanol (8 ml., deoxy- 
genated via argon bubbling) was treated with 1 N NaOH (6 ml_, deoxygenated via argon bubbling). After stirring 
for 25 minutes, the solution was acidified with 10% hydrochloric acid and extracted with ethyl acetate. The 

40 ethyl acetate extract was washed with water and brine, then dried (sodiuum sulfate), filtered and stripped to 
afford an oil. The material was flash chromatographed (Merck silica gel, 2% acetic acid in ethyl acetate). The 
product containing fractions were pooled and stripped, and the residue was azeot roped two times with ethyl 
acetate. The resulting oil/foam was dissolved in a small amount of methylene chloride and then triturated with 
hexane to produce a white oil/foam. The mixture was stripped to dryness, slurried in hexane, stripped to dry- 

45 ness again, and dried in vacuo to give 394 mg. of title product as a hard white foam; [a] D = - 51 .2° (c = 0.65, 
chloroform). TLC (2% acedic acid in ethyl acetate) R f = 0.47. 





Anal. calcU for C20H28N2O4S - 0.2 H 2 0: 


50 




C, 60.95; 


H, 6.75; 


N, 7.11; 


S, 8.14 




Found: 


C, 60.98; 


H, 6.93; 


N, 6.93; 


S, 7.94. 
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Example 38 

[3S-(3a(R*)7Pfl-7-(Cyclopropylmeth^^ 
azepine-1 -acetic acid 

5 

a) (3S-trans-7-(Cydopropylmethyl)hexahydro-3- phthalimido-2-oxo>1H-azepine-1 -acetic acid, methyl ester 

To a solution of the product from Example 36(e) (700 mg. 1 .89 mmol.) in 5 ml. of methylene chloride, cooled 
to 0° C, was added a 75 ml. portion of diazomethane/ethyl ether solution (prepared according to the procedure 
10 of Fieser & Fieser, Vol. I, p. 192), followed by 7 mg. (0.03 mmol.) of palladium(ll) acetate. The reaction mixture 
bubbled violently and turned clear. After stirring for 10 minutes an additional 25 ml. of diazomethane/ethyl 
ether solution was added to the reaction. The reaction was stirred at 0° C for 50 minutes, then filtered through 
celite and concentrated in vacuo to give a crude oil. The crude oil was flash chromatographed (Merck silica, 
50 x 150 mm, 1:2 ethyl acetate/hexane) to give 717 mg. of title product as a white foam. 

15 

b) [3S-[3a(R*) ) 7p]]-7-(Cyclopropylmethyl)hexahydrc-3-[[2-(acetylthio)-1<)xo-3-phenylpropyl]^ 
1H-azepine-1 -acetic acid, methyl ester 

To a solution of the product from part (a) (697 mg., 1.81 mmol.) in 8 ml. of methanol, stirred at room terrv 
20 perature, was added dropwise 92 uL (1 .90 mmol.) of hydrazine monohydrate. The reaction was stirred at room 
temperature for 48 hours, then filtered to remove the solid byproducts. The filtrate was concentrated in vacuo , 
dissolved in methylene chloride, refiltered and reconcentrated to give a crude oil. The crude oil was dried under 
vacuum to give 441 mg. of crude amine as a white foam. This crude foam was used in the next reaction without 
further purification. 

25 To a cold (0° C) solution of 420 mg.(1.64 mmol.) of this crude amine and 384 mg. (1.81 mmol. of (S)-2- 

(acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as described previously) in 10 
ml. of chloroform was added 280 u.l. (1.97 mmol.) of triethylamine. The reaction mixture was stirred 30 minutes, 
then 799 mg. (1.81 mmol.) of benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosp hate was 
added. The reaction was stirred at 0° C for 48 hours, then an additional 399 mg. (0.904 mmol.) of benzotriazol- 

30 1-yloxytris-(dimethylamino)phoisphonium hexafluorophosp hate and 4 drops of triethylamine were added. The 
reaction was stirred at 0° C. for an additional 24 hours, then partitioned between 50 ml. ethyl acetate/50 ml. 
5% potassium bisulfate solution. The water layer was separated and extracted with 2-25 ml. portions of ethyl 
acetate; the combined ethyl acetate layers were washed with 25 ml. of 5% potassium bisulfate solution, 40 
ml. saturated sodium bicarbonate, 40 ml. brine, dried (magnesium sulfate) and concentrated in vacuo to give 

35 a crude oil. The oil was flash chromatographed (Merck silica gel, 50 x 200 mm, 1 :3 ethyl acetate/hexane, then 
1 :2 ethyl acetate/hexane) to give 678 mg. of title product as a white foam. 

c) [3S-[3a(R*) jpi]-7-(Cydopro^ 
azepine-1 -acetic acid. 

40 

A solution of 658 mg. (1.43 mmol.) of the productfrom part(b) in 10 ml. of methanol was purged with argon 
for 30 minutes and cooled to 0° C. To this solution was added dropwise 6 ml. of 1M sodium hydroxide, also 
purged with argon for 30 minutes and cooled to 0° C. The reaction was stirred at 0° C. for 1 hour with continuous 
argon purging, then acidified to pH 1 with 5% potassium bisulfate solution. The mixture was extracted with 3- 
45 80 ml. portions of ethyl acetate; the combined ethyl acetate layers were dried (magnesium sulfate) and con- 
centrated in vacuo to give a crude oil. The oil was flash chromatographed (Merck silica gel, 50 x 150 mm., 
0.2% acetic acid/ethyl acetate) to give a white foam. The foam was triturated from methylene chloride/hexane 
to give 490 mg. of title product as a white hard solid; [a] D * -78.9° (c = 1 .0, CDQ 3 ). TLC (5% methanol in me- 
thylene chloride plus 3 drops acetic acid) Rf = 0.41. 



Anal, calc'd. for C^H^SO* ■ 0.50 H 2 0: 


Found: 


C.61.00; 
C, 61.40; 


H, 7.07; 
H, 6.75; 


N, 6.77; 
N, 6.37; 


S, 7.93 
S, 7.75. 
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Example 39 

[3S^3a(R*)7P]]-7-(Cyclopentyl)h^ 

1 - acetic acid 

5 

a) (3S-trans)-7-(2-Cydopentenyl)hexahydro-3-phthalimido-2-oxo-1H-azepine-1>acetic acid, methyl ester 

Tin tetrachloride (5.1 ml., 5.1 mmol., 1 M methylene chloride) was added dropwise to a solution of the prod- 
uct from Example 36 (e) (800 mg., 2.55 mmol.) and (2-cyclopentenyl)tri met hylsi lane (2.85 g., 20.4 mmole) in 

10 methylene chloride (60 ml.). The mixture was stirred at room temperature for 18 hours, then quenched by the 
addition of 100 ml. of water. The mixture was extracted with 3-100 ml. portions of ethyl acetate and 2-100 ml. 
portions of ethyl ether; the combined organic layers were washed with 100 ml. of brine, dried (sodium sulfate) 
and concentrated in vacuo to give a crude oil. The oil was flash chromatographed (Merck silica gel, 50 x 100 
mm, 1:1 ethyl acetate/hexane then 2% acetic acid/ethyl acetate) to give 788 mg. of (3S-trans)-7-(2-cyclopen- 

15 tenyl)hexahydro-3-phthalimido-2-oxo-1H-azepine-1-acetic acid as a white foam. 

A solution of this acid (768 mg., 2.01 mmol.) in methanol (7 ml.)/ethyl ether (10 ml.) stirred at room tem- 
perature, was treated dropwise with a solution of diazomethane/ethyl ether (prepared according to the pro- 
cedure of Fieser & Fieser, Vol. I, p. 1 92). The diazomethane/ethyl ether solution was added until the reaction 
mixture remained yellow and the bubbling ceased. The mixture was stirred 10 minutes, then the excess dia- 

20 zomethane was quenched by the dropwise addition of 0.3 ml. of acetic acid. The colorless solution was con- 
centrated m vacuo to give a crude oil. The oil was flash chromatographed (Merck silica gel, 50 x 100 mm, 1:2 
ethyl acetate/hexane) to give 640 mg. of title product as a white foam. 

b) (3S-trans)-7-(Cyclopentyl)hexahydro-3-phthalimido-2-oxo-1H-azepine-1-acetic acid, methyl ester 

25 

A solution of the product from part (a) (700 mg., 1.89 mmol.) in 5 ml. of methanol was purged with argon 
for 15 minutes, then 150 mg. (25% by weight) of 10% palladium on carbon was added. The reaction vessel 
was evacuated and filled with hydrogen three times and stirred under hydrogen (1 atm, balloon) for 5 hours. 
The reaction mixture was filtered through Celite; the filtrate was concentrated in vacuo to give 594 mg. of title 
30 product as a white foam. 

c) [3S-[3a(R*),7p]]-7-(Cyctopentyl)hexah 
pine-1-acetic acid, methyl ester 

35 A solution of the product from part (b) in methanol was treated with hydrazine monohydrate according to 
the procedure described in Example 38 part (b) affording crude (3S-trans)-7-(cyclopentyl)hexahydro-3-amino- 

2- oxo-1H-azepine-1 -acetic acid, methyl ester as a white foam. 

This white foam was treated with (S)-(acetyithio)benzenepropanoic acid according to the procedure de- 
scribed in Example 38 part (b) affording the title product as a clear oil. 

40 

d) [3S-[3a(R*),7p]]-7-(Cyclopentyl)hexahydro-3-[(2-mercapto-1 -oxo-3-phenytpropyl)amino]-2-oxo-1 H-aze- 
pine-1-acetic acid 

A solution of the product from part (c) in methanol was treated with 1M sodium hydroxide according to 
45 jhe procedure of Example 38 part (c) affording the title product as a white hard solid; [a] D = -78.1 ° (c = 1 , CDCI 3 ). 
TLC (5% methanol in methylene chloride plus 3 drops acetic acid) R, = 0.39. 





Anal, calc'd. for C^H^SO* • 0.03 H 2 0: 


50 




C, 63.06; 


H, 7.23; 


N, 6.69; 


S, 7.65 




Found: 


C, 63.25; 


H, 7.25; 


N, 6.50; 


S, 7.55. 



55 



57 



EP 0 599 444 A1 

Example 40 

[S-^R*)]-Hexahydro-3-[[2-merrapto-1-oxo-3-pheny^ acid 

5 a) (S)-3-[[(1,1-Dlmethylethoxy)carbonyl]amino]-hexahydro- 2-oxo-1 H-aze pine- 1 -propanoic acid, ethyl ester 

A solution of the product from Example 9(b) (1.75 g., 7.67 mmol.) in tetrahydrofuran:t-butanol (2:1, 30 ml.) 
was cooled to 0° C. and treated with ethyl acrylate (1.16 ml., 10.74 mmol., 1.4 eq.) and then 1.0 N t-butanol, 
potassium salt (767 uJ M 0.1 eq.). The reaction mixture was stirred at 0° C. for 15 minutes then at room tem- 

10 perature for 1 hour. The reaction was quenched with 25% ammonium chloride (50 ml.) and extracted with ethyl 
acetate (2 x 125 ml.). The combined organics was washed with 25% ammonium chloride (50 ml.), water (100 
mi.), and brine (100 ml.), dried over magnesium sulfate, filtered and concentrated to yield a clear syrup. The 
residue was purified by chromatography on a 5 x 1 5 cm silica gel column eluting with 30% ethyl acetate/hexane 
mixture. The desired fractions were combined and concentrated to afford 2.18 g. title product as a clear syrup. 

15 TLC (ethyl acetate: hexane, 1:1) Rf = 0.38. 

b) [S-(R*,R*)]-Hexahydrch3-[[2-(acetylthio)-1-oxo-3-phenylpropyl]amino]-2-oxo-1-azepine-1-propanoic acid, 
ethyl ester 

20 The product from part (a) (2.15 g., 6.55 mmole) was treated with 4 N hydrochloric acid/dioxane (30 ml., 

120 mmole) at 0° C. for 30 minutes, then at room temperature for 2 hours. The reaction mixture was concen- 
trated, stripped with ethyl ether (twice), azeotroped with toluene (3 times) and dried in vacuo for 5 hours af- 
fording (S)-3-amino-hexahydro-2-oxo-1H-azepine-1 -propanoic acid, ethyl ester, hydrochloride salt. 

This amine was them coupled with (S)-(acetylthioJbenzenepropanoic acid in the presence of triethylamine 

25 and be nzotriazol-1-yioxytris- (dimethyl amino) phosphonium hexafluorophosphate as described in Example 31 
part (c) affording the title product. TLC (ethyl acetate: hexane, 1:1) Rf = 0.19. 

c) [S-(R*,R*)-Hexahydro-3-[(2-merrapto-1-ox^ acid 

30 The product from part (b) in methanol was treated with 1 N sodium hydroxide as described in Example 31 
part (d) affording the title product as a white foam: [a] D = +4.44° (c = 1.24, methanol). TLC (1% acetic acid in 
ethyl acetate) Rf = 0.27. 





Anal, calc'd. for C 18 H 24 N 2 0 4 S • 0.17 H 2 0: 


35 




C, 58.83; 


H, 6.67; 


N, 7.62; 


S, 8.72 




Found: 


C, 58.83; 


H, 6.87; 


N, 7.33; 


S, 8.49. 



Example 41 

[S-(R\R # )^Hexahydro-3-[(2-mercapto-lH)x^ 
acetic acid 

a) (R*)-N-(2-Phthalimido-6-hydroxy-1-oxohexyl)-L-phenylalanine, ethyl ester 

To a solution of L-phenyialanine, ethyl ester, hydrochloride salt (998 mg., 4.3 mmol.) in dimethyiformamide 
(10 ml.) was added 4-methylmorpholine (575 pi, 529 mg, 5.2 mmol.). After stirring at room temperature for 5 
minutes, the solution was cooled to 0° C and treated successively with (S)-2-phthalamido-6-hydroxyhexanoic 
acid (1.002 g., 3.6 mmol.), hydroxybenzotriazole (582 mg., 4.3 mmol.), and ethyl-3-(3-di methyl amino) propyl 
carbodiimide, hydrochloride salt (770 mg., 4.0 mmol.). The resulting mixture was stirred at 0° C. for 0.5 hour 
and at room temperature for 1.5 hours. The solution was partitioned between ethyl acetate and water and the 
organic extract was washed successively with 0.5 N hydrochloric acid, water, 50% saturated sodium bicarbon- 
ate, and brine, then dried (sodium sulfate), filtered and stripped to give 1.63 g. of essentially pure title product 
as an oil/foam. TLC (acetone:hexanes, 1:1) R f = 0.30. 
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b) (R # )-N-(2-Phthalimido>1,6-dk)xohexyl)-L-phenylalanine, ethyl ester 

A-78 °C. solution of oxalyl chloride (370 uJ., 538 mg., 4.2 mmol.) in methylene chloride (10 ml.) was treated 
dropwise with a solution of dry dimethylsulfoxide (610 u,m. t 672 mg., 8.6 mmol.) In methylene chloride (1.5 

5 ml.). After 10 minutes, a solution of the product from part (a) (1.616 g., 3.6 mmol.) in methylene chloride (10 
ml.) was added. After an additional 15 minutes, the mixture was treated with triethylamine (4.0 ml.), stirred 
at -78° C. for 5 minutes, then let warm to 0° C. The resulting white slurry was partitioned between 0.5 N hy- 
drochloric acid and ethyl acetate. The organic extract was washed with brine, then dried (sodium sulfate), fil- 
tered and stripped. The residue was flash chromatog rap tied (Merck silica gel, 40:60-acetone:hexanes) to af- 

10 ford 1.474 g.of title product as an oil/foam. TLC (acetone:hexanes, 1:1) R f = 0.45. 

c) [3S-(3a,6p T 9aa)]-Tetrahydro-3-(pheny^ 

A mixture of the product from part (b) (6.11 g., 1 3.6 mmol.) and trif luoroacetic acid (34 ml.) in chloroform 
15 (205 ml.) was ref luxed for 6 days. The solution was cooled to room temperature and neutralized with saturated 
sodium bicarbonate. The layers were separated and the aqueous layer was extracted with methylene chloride. 
The pooled organic layers were washed with water, dried (sodium sulfate), filtered and stripped to give a dark 
yellow-orange oil. The residue was flash chromatographed (Merck silica gel, 40 to 60% ethyl acetate in hex- 
anes) to afford 3.075 g. of title product as a white foam. 

20 

d) [S-(R*,R*)]-Hexahydro-2-oxo-3-phthalimido-g-(phenylmethyl)-1H-azepine-1-acetic acid, methyl ester 

A solution of the product from part (c) (1.40 g., 3.46 mmol.) and triethylsilane (4.4 ml., 3.20 g., 27.5 mmol.) 
in methylene chloride (42 ml.) at room temperature was treated dropwise with titanium tetrachloride (1.0 M in 

25 methylene chloride, 7.0 ml., 7.0 mmol.). The clear colorless solution became bright yellow upon the addition 
of titanium tetrachloride; no precipitate resulted. After stirring for 66 hours, the mixture was quenched with 
water and extracted with ethyl acetate. The ethyl acetate extract was washed with water and brine, dried (so- 
dium sulfate), filtered and stripped to give an oil. Flash chromatography (Merck silica gel, ethyl acetate followed 
by 2% acetic acid in ethyl acetate) provided 870 mg. of [S-(R*,R*)]-hexahydro-2-oxo-3-phthalimido-a-(phe- 

30 nylmethyi)-1H-azepine-1 -acetic acid as a white foam. 

A cold (0 °C) solution of this acid (898 mg., 2.21 mmol.) in methanol (8 ml.) and methylene chloride (12 
ml.) was treated with excess ethereal diazomethane for 5 minutes. The excess diazomethane was destroyed 
by the addition of acetic acid and the solvent was removed on the rotary evaporator to give a yellow oil. The 
residue was flash chromatographed (Merck silica gel, 50 to 60% ethyl acetate in hexanes) affording 858 mg. 

35 of title product as a white foam. TLC (ethyl acetate: hexanes, 1 :1) Rf = 0.30. 

e) [S-(R*,R*)]-Hexahydro-3-[[2-(acetylth^ 
pine-1-acetic acid, methyl ester 

40 A solution of the product from part (d) in methanol was treated with hydrazine monohydrate according to 

the procedure of Example 36 part (f) affording [S-(R*,R*)]-hexahydro-3-amino-2-oxo-a-(phenyImethyl)-1H- 
azepine-1 -acetic acid, methyl ester as a pale yellow oil. TLC (methylene chloride:acetic acid:methanol, 8:1 :1 ) 
R f = 0.60. 

A cold (0° C.) solution of this amine was reacted with (S)-2-(acetylthio)benzenepropanoic acid in the pres- 
45 ence of triethylamine and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate accord- 
ing to the procedure of Example 36 (f) affording the title product as a colorless oil/foam. TLC (acetone: hexanes, 
1:1) R f = 0.54. 

f) [5-^R*^Hexahydro-3-[(2-mercapto 
so 1 -acetic acid 

A solution of the product from part (e) in methanol was treated with 1N sodium hydroxide according to 
the procedure of Example 36 part (g) affording the title product as a relatively hard white foam; [a] D = -64.2° 
(c = 0.54, chloroform). TLC (5% acetic acid in ethyl acetate) Rf = 0.60. 

55 
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Anal, calc'd. for C^H^N^S • 0.31 H 2 0: 



C, 64.61; 


H, 6.47; 


N P 6.28; 


C, 64.61; 


H, 6.78; 


N, 5.89; 



Example 42 

10 [6(S)]-Hexahydro-6-[(2-merca^^ 
acid 

a) 2,2-Dimethylcyclohexanone, oxime 

f5 A solution of 2,2-dimethylcyclohexanone (8.960 g., 65 mmol.), pyridine (12.0 ml., 12.27 g., 155 mmol.), 

and hydroxyiamine hydrochloride (10.30 g., 148 mmol.) in absolute ethanol (50 ml.) was heated at 85° C. for 
2 hours. The cooled mixture was partitioned between ethyl ether and water and the ethereal layer was washed 
successively with 1 N hydrochloric acid and brine, then dried (sodium sulfate), filtered and stripped. The solid 
residue was dissolved in a small amount of hot hexane and cooled to 0° C. to afford 6.801 g. of title product 

20 as white flakes; m. p. 91-93°C. TLC (ethyl acetate: hexane, 4:6) R f = 0.60. 

b) Hexahydro-3,3-dichloro-7,7-dimethyl-2-oxo-2H-azepine 

A cold (0-10° C.) slurry of phosphorus pentachloride (32.50 g., 156.1 mmol.) in methylene chloride (250 
25 ml.) was treated with a solution of the product from part (a) (7.353 g., 52.1 mmol.) in methylene chloride (50 
ml.) over a 10 minute period. The mixture was warmed to room temperature and chlorine gas was bubbled 
through the solution at 0.5 and 1.5 hours after addition of the oxime. After a total of 3 hours, the mixture was 
quenched with crushed ice (70 ml.) followed by saturated sodium bicarbonate (150 ml.). Periodic cooling was 
necessary. The biphasic mixture was stirred vigorously at room temperature for 18 hours, then the layers were 
30 separated and the methylene chloride extract was washed with saturated sodium bicarbonate/brine. The or- 
ganic layer was dried (sodium sulfate), filtered, stripped, and flash chromatographed (Merck silica gel, 2/8- 
ethyl acetate/methylene chloride). Fractions containing the desired product were stripped and the residue was 
dissolved in hot methylene chloride/ethyl acetate and cooled to afford 5.1 52 g. of pure title product. The mother 
liquor was re-chromatographed (Merck silica gel, 1/9-ethyl acetate/methylene chloride) to give an additional 
35 2.054 g. of pure product for a total yield of 7.206 g.; m. p. 148-155° C. (broad). TLC (ethyl acetate:methylene 
chloride, 1:9) R, = 0.36. 

c) Hexahydro-3-chloro-7,7-dimethyl-2H-azepine 

40 A solution of the product from part (b) (7.180 g., 34.2 mmol.) in glacial acetic acid (150 ml.) was hydro- 

genated (balloon) over 10% palladium on carbon catalyst (2.5 g.) for 1.75 hours. The mixture was filtered 
through Celite and the solvent was removed by rotary evaporation. The residue was flash chromatographed 
(Merck silica gel, 3/7-ethyl acetate/met hyiene chloride) to afford impure desired product as an oily solid. The 
residue was treated with ethyl ether and triturated with hexane to afford 2.845 g. of pure title product as a 

45 white solid. The mother liquor was re-chromatographed (Merck silica gel, 3/7-ethyl acetate/methylene chloride) 
to give 1 .93 g. of additional pure solid product The solids were pooled to give 4.775 g.of pure title product; m. 
p. 115 - 117° C. TLC (ethyl acetate:met hyiene chloride, 3:7) Rf = 0.41 . 

d) Hexahydro-3-azido-7,7-dimethyl-2-oxo-2H-azepine 

50 

A slurry of the product from part (c) (4.670 g., 26.6 mmol.) and sodium azide (4.360 g„ 67.0 mmol.) in dry 
dimethyisulfoxide (100 ml.) was heated at 80° C. for 6 hours. The solution was cooled to 0° C and treated with 
175 ml. of ice cold water. The resulting snow white precipitate was collected by filtration, washed with water 
and dried to give 2.37 g. of pure title product The filtrate was extracted with ethyl acetate and the organic 
55 extract was washed twice with water and once with brine, then dried (sodium sulfate), filtered and stripped. 
Trituration of the residue with ethyl ether and hexane afforded 1.637 g. of additional product. The isolated sol- 
ids were pooled to give 4.007 g. of pure title product; m. p. 98 - 100° C. TLC (ethyl acetate: hexane, 75:25) Rf 
= 0.51. 
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e) Hexahydro-3n(1,lHjimethylethoxy)carbonyl]amino]-77Kjimethyl>2>oxO'2H-azepine 

Asolution of the product from part (d) (3.469 g., 19.0 mmo!.) in methanol (80 ml.) was hydrogenated (bal- 
loon) over 10% palladium on carbon catalyst (850 mg.) for 1.5 hours. The mixture was filtered through Celite 

5 and the solvent was removed by rotary evaporation. The residue was evaporated once from methylene chloride 
to afford the crude amine as a white solid. The solid was redissolved in chloroform and treated successively 
with triethyiamine (2.65 ml., 1.92 g., 19.0 mmol.) and di-tert-butyl-dicarbonate (5.000 g., 22.9 mmo!.). After 
stirring at room temperature for 1 hour, the solution was stripped and the residue was triturated with ethyl 
acetate/ethyl ether to afford 2.668 g. of title product as a white solid. The filtrate was flash chromatographed 

10 (Merck silica gel, 2/8-ethyl acetate/met hylene chloride) to give additional pure product which was pooled with 
the above solid to give a total of 4.082 g. of pure title product; m. p. 156 - 158.5° C. TLC (ethyl acetate:me- 
thyiene chloride, 2:8) R, = 0.26. 

f) Hexahydro-3-[[(1,1-dimethylethoxy)carbony^ acid, ethyl 
15 ester 

Aroom temperature solution of the productfrom part (e) (3.512 g., 13.7 mmol.) in dry tetrahydrof uran (110 
ml.) was treated with lithium hexamethyldisilazane (1.0 M in tetrahydrof uran, 21 ml., 21 mmol.) followed by 
ethyl bromoacetate (3.0 ml., 4.52 g., 27.0 mmol.). After 20 minutes, additional lithium hexamethyldisilazane 

20 (21 ml.) was added followed by an additional 1 .5 ml. of ethyl bromoacetate. The dark orange solution was stir- 
red at room temperature for an additional 30 minutes, then quenched by the addition of saturated ammonium 
chloride and water. The mixture was extracted with ethyl acetate and the organic extract was washed with 
brine, dried (sodium sulfate), filtered, and stripped to give a dark oil. The residue was flash chromatographed 
(Merck silica gel, 35 to 50% ethyl acetate in hexane) to give 1.363 g. of pure title product as a pale yellow oil. 

25 TLC (ethyl acetate: hexane, 1:1) R, = 0.48. 

g) [6(S)]-Hexahydro-6-n2-(Acetylthio)-1-oxo-3-phenylpropyl]amino]-2,2-dimethyl-7-oxo-1H-azepine-1-acet- 
ic acid, ethyl ester 

30 A solution of the product from part (f) (1 .349 g., 3.94 mmol.) in p-dioxane (3 ml.) was treated with hydro- 
chloric acid (4.0 M in p-dioxane, 1 2 ml.). The mixture was stirred at room temperature for 1 .5 hours. The solvent 
was stripped and the residue was partioned between methylene chloride and 0.2 N sodium hydroxide (26 ml.). 
The layers were separated and the aqueous layer was extracted with ethyl ether/ethyl acetate. The pooled 
organic extracts were dried (sodium sulfate), filtered and stripped to give 982 mg. of the crude free amine as 

35 a yellow oil. TLC (methanol:methylene chloride, 1:9) R f = 0.16. 

A solution of (S)-2-(acetylthio) benzenepropanoic acid [obtained from the dicyclohexylamine salt as pre- 
viously described (973 mg., 4.3 mmol.)] and the above crude amine in methylene chloride (30 ml.) was treated 
with triethyiamine (1.15 ml., 835 mg., 8.2 mmol.) and the mixture was cooled to 0° C. Benzotriazol-1-yloxy- 
tris(dimethylamino)phosphonium hexafluorophosphate (1.915 g., 4.3 mmol.) was then added as a solid. The 

40 solution was stirred at 0° C. for 1 hour and then at room temperature for 1 .5 hours. The solvent was stripped 
and the residue was partitioned between ethyl acetate and 0.5 N hydrochloric acid. The organic layer was 
washed successively with water, 50% saturated sodium bicarbonate and brine, then dried (sodium sulfate), 
filtered and stripped. The residue was flash chromatographed (Merck silica gel, 3:7 acetone: hexanes) to give 
1 .564 g. of title product as an oil. (1:1 mixture of diastereomers). TLC (acetone:hexanes, 3:7 ) Rf = 0.30. 

45 

h) [6(S)]-Hexahydro-6-[I2-mercapto-1-oxo-3-phe 
acid 

A room temperature solution of the product from part (g) (1.548 g., 3.45 mmol.) in methanol (20 ml., de- 
50 oxygenated via argon bubbling) was treated with 1 N sodium hydroxide (15 ml., deoxygenated via argon bub- 
bling). After stirring for 30 minutes, additional 1 N sodium hydroxide (15 ml.) was added and stirring under 
argon continued. After a total of 3 hours, the solution was acidified with 6 N hydrochloric acid and extracted 
with ethyl acetate. The ethyl acetate extract was washed with water and brine, then dried (sodium sulfate), 
filtered and stripped to afford an oil. The material was flash chromatographed (Merck silica gel, ethyl acetate 
55 followed by 1.5% acetic acid in ethyl acetate). The fractions containing essentially pure title product were 
pooled, stripped, and azeot roped twice with ethyl acetate. The mixture was dissolved in a small amount of 
ethyl acetate and triturated with hexane to give a foam. The volatiles were stripped, the residue was slurried 
in hexane, stripped to dryness again, and dried in vacuo to give 863 mg. of title product as a relatively hard 
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white foam as a 45:55 mixture of diastereomers. TLC (2% acetic acid in ethyl acetate) R f = 0.40. 





Anal. calc'd. for C^H^O^S ■ 0.2 H 2 0: 


5 




C, 59.73; 


H. 6.96; 


N, 7.33; 


S, 8.39 




Found: 


C, 59.79; 


H, 7.13; 


N,7.13; 


S, 7.99. 



Example 43 
10 

[S-^S*)>3,4-Dihydro-3-[(2-mercapto-1-oxo-3-phen 
propanoic acid 

a) 2 t 3-Dihydro-3-amino>4-oxo>1,5>benzothiazepine>5(4H>-propanoic acid, ethyl ester 

15 

2,3-Dihydro-3-t[(phenylmethoxy)carbonyl]amino]-1 f 5-benzothiazepine-4(5H)-one [prepared according to 
the procedure of Slade et al., J. Med. Chem., 28, p 1517 - 1521 (1985)] (2.04 g., 6.21 mmol.) was azeotroped 
with a mixture of methylene chloride/toluene (3x) and dried in vacuo for one hour. A suspension of this com- 
pound in tetrahydrofuran:tert-butanol (2:1, 21 ml.), cooled to 0°C, was treated with ethyl acrylate (1.08 ml., 

20 9.94 mmol., 1.6 eq.) and then 1.0 N t-butanol, potassiun salt/tetrahydrofuran (621 \x\. t 0.1 eq.). The reaction 
mixture was stirred at 0° C. for 15 minutes then at room temperature for 20 hours under argon. The reaction 
was quenched with 50% ammonium chloride (50 ml.) and extracted with ethyl acetate (2 x 150 ml.). The com- 
bined organics were washed with saturated ammonium chloride (75 ml.), water (75 ml.), and brine (100 ml.), 
dried over magnesium sulfate, filtered and concentrated to yield a clear yellow syrup. The residue was purified 

25 by chromatography on a 5 x 20 cm silica gel column eluting with 20% ethyl acetate/ hexane mixture (2 1.). The 
desired fractions were combined and concentrated to afford 2.33 g of a mixture of 2,3-dihydro-3-[(3-ethoxy- 
3-oxopropyl)-t(phenylmethoxy)carbonyi]amino]-4-oxo-1 ,5-benzothiazepine-5(4H)-propanoic acid, ethyl ester 
(25%) and 2,3-dihydro-3-[I(phenylmethoxy)carbonyl]amino]-4-oxo-1,5-benzothiazepine-5(4H)-propanoic 
acid, ethyl ester (75%) as a clear syrup. 

30 The above mixture (698 mg., 1.32 mmol. of the first named compound and 1.698 g M 3.96 mmol. of the 

second named compound) and 30% hydrogen bromide/acetic acid solution (8.71 ml., 41 .98 mmol.) was stirred 
under argon at room temperature for 1.5 hours. The reaction mixture was diluted with ethyl ether (200 ml.), 
stirred until off-white precipitates formed and filtered, washing the orange solids with ethyl ether (4 x 50 ml.). 
The crude residue was then dissolved in 1N hydrochloric acid (100 ml.) and extracted with ethyl acetate (2 x 

35 100 ml.). The aqueous phase was then brought to pH 9 with 1 N sodium hydroxide and extracted with ethyl 
acetate (3 x 100 ml.). The combined organics were washed with brine (75 ml.), dried over magnesium sulfate, 
filtered and concentrated to yield 1.50 g. crude yellow oil. The residue was purified by chromatography on a 
5x20 cm silica gel column eluting with 1% (2I.),2%(1 1.), and finally 5% (1 1.) of methanol in methylene chlor- 
ide. The desired fractions were concentrated and dried in vacuo to yield 1.163 g. of title product 

40 TLC (methylene chloride:methanol, 9:1) R f = 0.40. 



b) [S-(R* t S*)]-3,4-Dihydro-3-[I2-(acetylthio)-1 -oxo-3-phenylpropyl]amino]-4-oxo-1 ,5-benzothiazepine-5(2H)- 
propanoic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from the dicyclohexyl amine salt as previously descri- 
bed) was dissolved in dry methylene chloride, cooled to 0° C. t and treated with a solution of the product from 
part (a) in dry methylene chloride followed by triethylamine and benzotriazol-1-yloxy(dimethylamino)phoso- 
phonium hexafluorophosphate as described in Example 36 part (0 affording the title product TLC (ethyl acet- 
ate:hexane, 1:1) R f = 0.39. 

c) [S-^R*)]-3,4-Dihydro-3-[(2-merrapto-1-oxo-3-phe 
noic acid 

A solution of the product from part (b) in methanol was treated with 1N sodium hydroxide according to 
the procedure of Example 36 part (g) affording the title product as a white foam; [a] D = -161 .6° (c = 1 .16, me- 
thanol). TLC (1% acetic acid in ethyl acetate) Rf = 0.45. 
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Anal, calc'd. for C^H^O^ • 0.4 H 2 0: 



Found: 



C, 57.63; 


H, 5.25; 


N f 6.40; 


C, 57.65; 


H, 5.04; 


N, 6.38; 



S, 14.65 
S, 14.44. 



Example 44 

[3(S)]-2,3 t 4,5-Tetrahydro-3-[(2-m^ 
ic acid 

a) 3-Amino-2,3 < 4 t 5-Tetrahydro-2-oxo-1H-1-benzazepine-1-propanoic acid, ethyl ester 

Asolution of 3-azido-1,3 t 4,5-tetrahydro-2H-1-benzazepin-2-one [prepared as described by Watthey etal., 
J. Med. Chem., 28, p. 1511 - 15156 (1985)] in tetrahydrofuran/tert-butanol was cooled to 0° C. and treated 
with ethyl acrylate and 1 N tert-butanol, potassium salt/tetrahydrof uran according to the procedure of Example 
40 part (a) affording 3-azido-2,3,4,5-tetrahydro-2-oxo-1H-1-benzazepine-1-propanoic acid, ethyl ester as a 
syrup. TLC (ethyl ether: hexane, 1:1) Rf = 0.45. 

Asolution of this compound (2.258 g., 6.94 mmol.) in absolute ethanol was treated with 10% palladium 
on carbon catalyst and hydrogenated at 40 psi for 4 hours, venting the Parr bottle after the first hour. The 
mixture was diluted with ethanol (50 ml.) and filtered through a Celite pad, washing the pad thoroughly with 
ethanol (2 x 50 ml.). The clear filtrate was evaporated to dryness and dried in vacuo to give 2.098 g of the 
title product as a clear light yellow syrup. TLC (methylene chloride: methanol, 9:1) R f = 0.32. 

b) [3(S)-2,3,4,5-Tetrahydro-3-[[2-(a^ 
anoic acid 

(S)-2-(Acetylthio)benzenepropanoic acid [obtained form the dicyclohexylamine salt as previously descri- 
bed] was dissolved in methylene chloride, cooled down to 0° C, and treated sequentially with a solution of 
the product from part (a) in dry methylene chloride, thiethylamine, and benzotriazol-1-yloxytris (dimethylami- 
no)phosphonium hexafluorophosphate according to the procedure of Example 36 part (0 affording the title 
product as a syrup. TLC (ethyl acetate: hexane, 1:1) Rf - 0.56 and 0.52. 

c) [3(S)]-2,3,4,5-Tetrahydro-3-^^ 
noic acid 

Asolution of the product from part (b) in methanol was cooled down to 0°C. and treated with 1N sodium 
hydroxide according to the procedure of Example 36 part (g) affording the title product as a solid foam; [a] D 
= + 41.8° (c= 0.608, methanol). TLC (methylene chloride:methanol:acetic acid, 20:1:1) Rf = 0.47. 



Anal, calc'd. for C^H^O^S-O^ C 5 H 12 ■ 0.413 H 2 0: 





C, 63.76; 


H, 6.21; 


N, 6.40; 


Found: 


C. 63.76; 


H, 6.18; 


N, 6.38; 



S, 7.32 
S, 7.45. 



Example 45 

f3(S)1-2,3,4,5-Tetrahydro-3-[[2-^ 
propanoic acid 

a) [3(S)]-2,3,4,5-Tetrahydro-3-n2-^ 
pine-1-propanoic acid 

(S)-2-[(Acety1thio)methyi]benzenepropanoic acid[obtained from the ephedrine salt as described previous- 
ly] was dissolved in dry methylene chloride, cooled down to 0° C, and treated with 1- hydroxy benzotriazole 
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hydrate and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide and a solution of the productfrom Example 44(a) 
in dry methylene chloride according to the procedure of Example 8 part (a) to afford the title product as a syrup. 
TLC (ethyl acetate: hexane, 1:1) R, = 0.58. 

5 b) [3(S)]-2,3,4,5-Tetrahydro-3-fl2-(merraptometh^ 
1-propanoic acid 

A solution of the product from part (a) in methanol was cooled down to 0° C. and treated with 1 N sodium 
hydroxide according to the procedure of Example 8 part (b) to afford the title product as an amorphous solid; 
10 [a] D = +46.9° (c = 0.608, methanol). TLC (chloroform:methanol:acetic acid, 20:1:1) R, = 0.42. 



15 



Anal, calc'd. for C^H^^S • 0.233 C 5 H 12 . 0.61 H 2 0: 


Found: 


C, 63.89; 
C, 63.89; 


H, 6.65; 
H, 6.40; 


N, 6.17; 
N.6.18; 


S, 7.06 
S, 6.82. 



Example 46 

[1S-[1a,9a(R*)]]-Octahydrc-9-[(2-mercapt^ 
a][1,2]diazepine-1-carboxylic acid 

a) (1S-cis)-Octahydro»9-phthalimido-6 t 10-dioxo-6H-pyridazino [1 t 2-a][1,2]diazepine-1-carboxylic acid, 1,1- 
di methyl ethyl ester 

5 f 6-Dihydrc-1,3(2H,4H)-pyridazinedicarboxylic acid, 3-(1,1-dimethylethyt)-1-(phenylmethyl)ester [pre- 
pared as described by Adams et al., Synthetic Communications, 18(18), 2225 - 2231 (1988)] was reacted with 
(S)-2-phthalimidopentanedioic acid, 5-(phenylmethyl) ester according to the procedure described by Attwood 
et al.(J. Chem. Soc. Perkins Trans I, 1986, p. 1011 - 1019) affording (S)-2-[2-phthalimido-1,5-dioxo-5-(phe- 
nylmethoxy)pentyl]-5,6-dihydro-1 t 3(2H,4H)-pyridazinedicarboxylic acid, 3-(1,1-dimethylethyl)-1-(phenylme- 
thyl) ester. 

A solution of this material (12.11g., 18.5 mmol.) in dry dimethylformamide (190 ml.) was treated with 10% 
palladium on carbon catalyst (372 mg.) and hydrogenated at room temperature for 24 hours. The mixture was 
filtered through a Celite pad, the clear dark filtrate obtained was evaporated to dryness and the syrup was 
obtained redissolved in methanol (200 ml.). The solution was filtered through another Celite pad to remove 
remaining traces of the catalyst, and the clear filtrate was evaporated to dryness and dried in vacuo . The prod- 
uct obtained was dissolved in dry methylene chloride (1 85 ml.), cooled down to 0° C. (ice-salt bath) and treated 
with thionyl chloride (1.56 ml., 21.36 mmoles, 1.15 eq.). The reaction mixture was stirred at room temperature 
for 5.0 hours under argon, treated wit h a solution of potassium bicarbonate (3.95 g.) in water (34 ml.) and stirred 
for 10 minutes. The phases were separated, re-extracting the aqueous phase with more methylene chloride 
(270 ml.) and the combined organic extracts were dried (anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried jn vacuo . 

The crude product mixture was chromatographed on a silica gel column (Merck), eluting the column with 
ethyl acetate:hexane mixtures (1:3; 1:1) to give 3.053 g. of the title compound as a solid. TLC (ethyl acet- 
ate:hexane, 1:1) R, = 0.40. 

b) (IS-cis^Octahydro-g-amino-e^O-dioxo-eH^^ acid, 1,1-dime- 
thylethyl ester 

A suspension of the product from part (a) (1 .0 g., 2.41 mmol.) in absolute ethanol was treated with hydra- 
zine hydrate (0.26 ml., 2.2 eq.) and stirred at room temperature for one hour under argon. The mixture was 
stripped to dryness, evaporated once from toluene (25 ml.) and the residue obtained was stirred with 2.0 M 
acetic acid (1 0 ml.) for 24 hours under argon. The solids were filtered off, washed with 2.0 M acetic acid (5.0 
ml.) and water (2 x 2.0 ml.), and the clear filtrate was adjusted to pH 10.0 with solid sodium bicarbonate (1.8 
g.). The mixture was extracted with methylene chloride (2 x 25 ml) and the combined organic extracts were 
washed with brine (6.0 mi.), dried (anhydrous sodium sulfate) and filtered. The clear soluton was evaporated 
to dryness and dried in vacuo to give 755 mg. of title product as a syrup. TLC (methylene chloride:methanol, 
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9:1) R t = 0.20. 

c) [1S-[1a,9tt(R*)]]-Octahydro-9-[[2-^^^ 
a][1,2]diazepine-1-carboxylicacid, 1,1-dimethylethyl ester 

5 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.07 g. t 2.64 mmol.) was suspended in 
ethyl acetate (80 ml.), washed with 5% potassium bisulfate (5x12 ml.) and brine (14 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness and dried in vacuo. 

The free acid was dissolved in dry methylene chloride (20 ml.), cooled down to 0° C. (ice-salt bath), treated 

10 sequentially with a solution of the product from part (b) (755 mg., 2.41 mmol.) in dry methylene chloride (5.0 
ml.), triethylamine (0.33 ml., 2.37 mmol.) and benzotriazoM-yloxytris-(dimethylamino) phosphonium hexa- 
fluorophosphate (1.08 g., 2.44 mmol.). The reaction mixture was stirred at 0°C. for 1.0 hour and at room tem- 
perature for 2.0 hours under argon. The reaction mixture was stripped to dryness and the syrup obtained was 
redissolved in ethyi acetate (80 ml.), washed with 0.5 N hydrochloric acid (2x14 ml.), water (14 ml.) and brine 

15 (14 ml.), dried (anhydrous magnesium sulfate), filtered and evaporated to dryness. The crude product was 
chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate: hexane mixtures (1:3; 
1:1), to give 747 mg. of title product as a clear syrup. TLC (ethyi acetate: hexane, 1:1) Rf - 0.23. 

d) [1S-[1a,9a(R*)1]-Octahydrch9-[[2-(acetylthio)>1-oxo-3-phenylpropyl]amino]-6,1f>dioxo-6H-pyri 
20 a][1,2]diazepine-1-carboxylic acid 

A solution of the product from part(c) (747 mg., 1 .48 mmol.) in dry methylene chloride (10 ml.) was treated 
with anisole (0.69 ml., 6.35 mmol.) followed by trifluoroacetic acid (1.04 ml., 13.5 mmol.) and the reaction mix- 
ture was stirred at room temperature under argon for 5.5 days. The clear solution was stripped to dryness, 

25 evaporated from ethyl acetate (2 x 100 ml.) and the crude product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate: hexane (4:1) followed by ethyi acetate: hexane: acetic acid 
(85:10:5). The desired fractions were combined, stripped to dryness and evaporated from toluene (2 x 100 
ml.). The syrup obtained was redissolved in ethyl acetate (59 ml.), washed with water (3 x 10 ml.) and brine 
(5.0 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo to give 556 mg. 

30 of title product as a syrup. TLC (ethyl acetate: acetic acid, 95:5) Rf = 0.30. 

e) [1S-[1a,9a(R*)]]-Octahydro-9-[(2-m^ 
a1[1,2]diazepine-1-carboxylic acid 

35 A solution of the product from part(d) (556 mg., 1.24 mmol.) in methanol (7.0 ml.) was cooled down to 0° 
C. (ice-salt bath), purged with argon for 30 minutes then treated with a previously purged (argon, 30 minutes) 
solution of 1.0 N sodium hydroxide (2.5 ml., 2.5 mmoi.) maintaining the bubbling of argon throughout the ad- 
dition and length of the reaction. The reaction mixture was stirred at 0° C. for 30 minutes, brought to pH 2.0 
with 5% potassium bisulfate (1 1 .0 ml) at 0° C, warmed u p to room temperature and extracted with ethyl acetate 

40 (2 x 40 ml.). The combined organic extracts were washed with brine (11 .0 ml.), dried (anhydrous sodium sul- 
fate), filtered, evaporated to dryness and dried in vacuo . The crude product was dissolved in methylene chlor- 
ide (5.0 ml.) and treated portionwise with hexane (50 ml.) while scratching until solids were obtained. The solids 
were triturated with more hexane (50 ml.) and pentane (2 x 50 ml.), stirring the solids with the first 50 ml. for 
2.0 hours and with the next 50 ml. overnight at room temperature under argon. The product was dried in vacuo 

45 to give 468.5 mg. of title product as a solid foam; [a] D = -83.5° (c = 0.492, methanol). TLC (ethyi acetate:acetic 
acid. 95:5) R f =0.33. 





Anal, calc'd. for C^H^OsS • 0.34 H 2 0: 


50 




C, 55.45; 


H, 5.80; 


N, 10.21; 


S, 7.79 




Found: 


C55.45; 


H. 5.95; 


N. 9.84; 


S, 7.49. 
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Example 47 

[1S-[1a,9q(R*)]]-Octahydr^ 
[1,2]diazepine-1-cart)oxylic acid 

5 

a) (1S-cis)-Octahydro-9-phthalimido-1^ acid, 1,1-dime- 

thytethyl ester 

A solution of the product from Example 46(a) (1.0 g., 2.35 mmole) in dry tetrahydrofuran (8.0 ml.) was 
10 cooled down to about 5° C. (ice-water bath), treated with 1 .0 M diborane/tetrahydrof uran (2.88 ml., 2.88 mmol.) 
over a period of 30 minutes, warmed up to room temperature and stirred overnight under argon. The reaction 
mixture was diluted with methylene chloride (14.0 ml.), treated with 2.0 N hydrochloric acid (6.8 ml.) and stirred 
for 15 minutes. The mixture was then brought to pH 10.0 with anhydrous sodium bicarbonate (1 .92 g.) and the 
phases separated, re-extracting the aqueous phase with more methylene chloride (30 ml.). The combined or- 
is ganic extracts were washed with brine (5.0 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to 
dryness and dried in vacuo . The crude product was chromatographed on a silica gel column (Merck), eluting 
the column with ethyl acetate :hexane mixtures (1 :3; 1 :1 ) to give 877 mg. of title product as a syrup. TLC (ethyl 
acetaterhexane, 1:1) Rf = 0.63. 

20 b) [1S-cis)-Octahydro-9-amino-10-oxo-6H- pyridazino[1,2-a] [1,2]diazepine-1-carboxylic acid, 1,1-dimethy- 
lethyl ester 

A solution of the product from part (a) (1.257 g., 3.0 mmol.) in absolute ethanol (13.0 ml.) was treated with 
hydrazine hydrate (0.33 ml., 2.2 eq.) according to the procedure of Example 46 part (b) affording 704 mg. of 
25 title product as a syrup. TLC (methylene chloride:methanol, 9:1) Rf = 0.35. 

c) [1S-[(1a,9a(R*)]]-Octahydro-9-[[2-(acetylthio)-1-oxo-3-phenylpropyl]amino]-10-oxo-6H-pyridazino[1,2- 
a][1,2]diazepine-1-carboxylic acid, 1,1-dimethylethyl ester 

30 (S)~2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.10 g., 2.71 mmol.) was suspended in 

ethyl acetate (85 ml.), washed with 5% potassium bisulfate (5 x 12.4 ml.) and brine (14.4 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . 

The free acid was dissolved in dry methylene chloride (21 ml.), cooled down to 0° C. (ice-salt bath), treated 
sequentially with a solution of the product from part (b) (704 mg., 2.48 mmol.) in dry methylene chloride (5.0 

35 ml.), triethylamine (0.34 ml., 2.44 mmol.) and benzotriazol-l-yloxytris-(dimethylamino) phosphonium hexa- 
fluorophosphate (1 .113 g., 2.55 mmol.). The reaction mixture was stirred at 0° C. for 1 .0 hour and at room tem- 
perature for 2.5 hours under argon. The reaction mixture was stripped to dryness and the syrup obtained was 
re-dissolved in ethyl acetate (80 ml.), washed with 0.5 N hydrochloric acid (2 x 14.0 ml.), water (14.0 ml.) and 
brine (14.0 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . The 

40 crude product was chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate:hex- 
ane (1:3) to give 1.085 g. of title product as a syrup. TLC (ethyl acetate:hexane, 1:1) Rf = 0.53. 

d) [1S-[[1a,9a(R*)]1-Octahydro-9-[(2-mercapto>1-oxo- 3-phenylpropyl)amino]-10-oxo-6H-pyridazino[1,2-a] 
[1,2]diazepine-1-carboxylic acid 

45 

Asolutionoftheproductfrom part(c) (1.085g., 2.216 mmol.) in dry methylene chloride (15 ml.) was treated 
with anisole (1.03 ml., 9.5 mmol.) followed by trifluoroacetic acid (1.56 ml., 20.2 mmol.) and the reaction mix- 
ture was stirred at room temperature under argon for 4.0 days. The clear solution was stripped to dryness, 
evaporated from ethyl acetate (2 x 1 50 ml) and the crude product suspended in a mixture of ethyl acetate (10 

so ml.) and hexane (50 ml.). The solids were filtered off, washed well with hexane (50 ml.) then evaporated from 
toluene (2 x 100 ml) and dried in vacuo to give 865 mg. of [1S-[1a.9a(R*)]]-octahydro-9-[l2-(acetylthio)-1-oxo- 
3-phenylpropyl]amino]-10-oxo-6H-pyridazino [1,2-a] [1,2Jdiazepine-1-carboxylic acid as a solid. 

The above material was suspended in methanol (1 5 ml.), cooled down to 0° C. (ice-salt bath), purged with 
argon for 30 minutes then treated dropwise with a previously purged solution of 1.0 N sodium hydroxide (6.03 

55 ml., 3 eq.), maintaining the bubbling of argon throughout the addition and length of the reaction. The reaction 
mixture was stirred at 0° C. for 30 minutes (the solids went into solution within the first 5 minutes) brought to 
pH 2.0 with 5% potassium bisulfate (26.6 ml.), warmed up to room temperature and extracted with ethyl acetate 
(2 x 65 ml.). The combined organic extracts were washed with brine (1 8 ml.), dried (anhydrous sodium sulfate), 



66 



EP 0 599 444 A1 



filtered, evaporated to dryness and dried in vacuo . The product was dissolved in methylene chloride (7.0 ml.) 
and treated portionwise with hexane (70 ml.) while scratching until a solid was obtained. The solids were tri- 
turated with more hexane (100 ml.) and pentane (2 x 100 ml.), stirring the solids with the first 100 ml. for 2.0 
hours and the next 100 ml. overnight at room temperature under argon. The product was dried in vacuo to 
give 790.6 mg. of title product as a solid foam; [a] D = -44.4° (c = 0.63, methanol). TLC (ethyl acetate:acetic 
acid, 95:5) R f = 0.67. 

Anal, calc'd. for C 19 H25N 3 0 4 S . 0.20 C 5 H 12 ■ 0.80 H 2 0: 



C, 57.11; 


H, 6.95; 


N, 9.99; 


C.57.11; 


H, 6.72; 


N, 9.83; 



Example 48 

[S-(^R*frHexahydro-6-[(2-mera 
1 -acetic acid 

a) [2-[(1,1-Dimethylethoxy)carbonyl]hydrazino]acetic acid, ethyl ester 

Triethylamine (13.94 ml., 0.1 mol.) was added to a solution of hydrazine carboxyiicacid, 1,1-dimethylethyl 
ester (13.216 g., 0.1 mole) in benzene (100 ml.), followed by the addition of ethyl bromoacetate (11 .09 ml., 0.1 
mol.). The reaction mixture was refluxed (oil bath, 95 - 100° C.) for 14 hours, after which triethylamine (1.4 
ml., 0.01 mol.) was added followed by ethyl bromoacetate (1.1 ml., 0.01 mole). After ref luxing for an additional 
8 hours, triethylamine (2 ml., 0.015 mol.) and ethyl bromoacetate (1.4 ml., 0.013 mole) were added. The mixture 
was allowed to reflux for another 14 hours (total 36 hours). After cooling to room temperature, the reaction 
mixture was filtered and the solid triethylamine, hydrochloride salt was washed with ethyl acetate/hexane (1:1). 
The combined filtrate was diluted with ethyl acetate, washed with saturated sodium bicarbonate, water, brine, 
dried (sodium sulfate) and filtered. The filtrate was concentrated in vacuo to afford 19.38 g. of crude product 
as a yellow syrup which was used for the next reaction without purification. 

b) [2-[(1,1-Dimethylethoxy)carbonyl]-1-[(phenylmethoxy)carbonyl]hydrazino] acetic acid, ethyl ester 

Triethylamine (12.4 ml., 89 mmol.) was added to a solution of the crude product from part (a) (19.38 g.) 
in benzene (120 ml.) followed by the dropwise addition of [(phenyl met hoxy)carbonyl]chloride (13.4 ml., 89 
mmol.) in benzene (30 ml.) over 30 minutes. The resulting suspension was stirred at room temperature under 
argon for 20 hours, then partitioned between ethyl acetate (500 ml.) and 1 M potassium bisulfate solution. The 
organic phase was separated, washed with saturated sodium bicarbonate, water, brine, dried (sodium sulfate) 
and filtered. The filtrate was concentrated in vacuo and the residue was recrystallized f rom ethyl acetate/hex- 
ane to afford, after drying in vacuo over phosphorous pentoxide, 1 5.736 g. of the title product as a white crys- 
talline compound, m. p. 117-119° C. 

c) [2-n(1,1-Dimethy1ethoxy)carbon^ acid » etnv< es- 
ter 

Potassium carbonate (powdered and dried, 11.8 g., 85.15 mmol.) was added to a solution of the product 
from part (b) (6.0 g.. 17.03 mmol.) in anhydrous dimethylformamide (30 ml.) followed by the addition of methyl 
iodide (5.3 ml, 85.15 mol.). After stiring at40°C. for 17 hours, additional methyl iodide (64 mmol.) was added 
and the reaction mixture stirred at 40°C. for an additional 28 hours. The suspension was filtered and to the 
filtrate was added 6.0 g. of fresh potassium carbonate (powdered and dried), followed by 5.0 ml. of methyl 
iodide. The suspension was stirred at 40° C. for 21 hours, then 1.2 ml. of methyl iodide was added and the 
reaction mixture stirred for additional 17 hours until starting material disappeared on TLC. The reaction mix- 
ture was filtered and the collected solid was washed with ethyl acetate. The filtrate was concentrated in vacuo 
to remove most of dimethylformamide, then diluted with 500 ml. of ethyl acetate, washed with water, 1M po- 
tasium bisulfate, water, brine and dried (magnesium sulfate). The filtrate was concentrated and the residue 
dried in vacuo to give 6.285 g. of crude product as a colorless oil. 
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d) [2>[[(1 t 1-Dimethyiethoxy)carbonyl]-2-methyllhydrazino]acetic acid, ethyl ester 

A suspension of the product from part (c) (6.285 g., 17.03 mmol.) and palladium hydroxide (800 mg.) in 
ethanol (75 ml.) was vigorously stirred under hydrogen (balloon) for4 hours. The suspension was filtered using 
5 a Millipore filter unit. The filtrate was concentrated and the residue dried in vacuo to afford 4.3 g. of title product 
as a light yellow oil. 

e) (S)-2-Phthalimido-1,5-pentanedioic acid, 5-(phenylmethyl)ester 

w N-(Carbethoxy)phthalimide (9.7 g., 44.24 mmol., 1 .05 eq.) was added to a suspension of L-glutamic acid, 
5-(phenylmethyl)ester (10.0 g., 42.14 mmol.) and sodium bicarbonate (4.47 g., 42.14 mmole) in water (80 ml.) 
and dioxane (40 ml.). After stirring two hours, additional N-(carbethoxy)phthalimide (4.4 g., 0.1 eq.) was add- 
ed. The mixture was stirred for additional 2 hours. The reaction mixture was adjusted to pH 1-2 with solid po- 
tassium bisulfate, and extracted with ethyl acetate (3 X 150 ml.). The combined ethyl acetate extracts were 

15 washed with 1M potassium bisulfate, brine, dried (sodium sulfate) and filtered. The filtrate was concentrated 
in vacuo . The oily residue was taken into ethyl acetate and treated with dicydohexylamine (8.40 ml., 42.14 
mmol.). Crystallization of the crude salt from ethyl acetate/hexane gave, after drying in vacuo , 13 g. of the 
title product as the dicydohexylamine salt. The mother liquor was washed with 1 M potassium bisulfate (2 x), 
water, brine, and dried (sodium sulfate). The filtrate was concentrated in vacuo . The oily residue was chroma- 

20 tographed using 0.5% acetic acid in heptane/ethyl acetate (3:7) as a mobile phase. The desired fractions were 
collected and concentrated. The oily residue was dried in vacuo to give 9.644 g. of the title product. 

f) (SH-Phthalimido-5-oxo-5-[2-[(1J 
no]pentanoic acid, phenylmethyi ester 

25 

Phosphorus pentachloride (5.10 g., 24.5 mmol.) was added to a cold (0° C.) solution of the product from 
part (e) (about 17.10 mmol.) in ether (80 ml.). After stirring at 0° C. for 30 minutes and at room temperature 
for 30 minutes, the reaction mixture was concentrated in vacuo . The residue was stripped with toluene (3x) 
and dried in vacuo for 2 hours to give an oily compound that was used immediately in the following reaction. 

30 Sodium bicarbonate solution (4 g. in 46 ml. of water) was added to a cold (0° C.) solution of the product 
from part (d) in toluene (40 ml.). With thorough stirring, the compound prepared above in toluene (30 ml.) was 
added dropwise via cannula. After addition, the reaction mixture was stirred at room temperature under argon 
for 19 hours. The reaction mixture was diluted with ethyl acetate (300 ml.), washed with water, 5% potassium 
bisulfate, water, brine and dried (sodium sulfate). The filtrate was concentrated and the residue dried in vacuo 

35 to give the title compound as an oil. 

g ) (S)-4-Phthalimido-5-oxo-5-[1-(2-ethoxy-2-oxoethyl)-2-methylhydrazino]pentanoic acid, phenylmethyi es- 
ter 

40 Anisole (7.4 ml.) followed by trifluoroacetic acid (13.10 ml., 170 mmol.) were added dropwise to a cooled 
(-10° C.) solution of the crude product from part (0 in methylene chloride (55 ml.). After the addition was com- 
pleted, the reaction mixture was stirred at -10° C. for one hour. The reaction mixture was then allowed to warm 
to room temperature and stirring continued for 14 hours. After removal of the volatiles in vacuo , the residue 
was taken into 200 ml. of ethyl acetate, washed with saturated sodium bicarbonate with caution, then water, 

45 brine, and dried (sodium sulfate). The filtrate was concentrated in vacuo and the residue chromatographed 
using 20-40% ethyl acetate/hexane as a mobile phase. The desired fractions were collected and concentrated 
and the residue dried in vacuo to yield 7.254 g. of title product as a pale yellow oil. 

h) (S)-4-Phthalimido-5-oxo-5-[1-(2-ethoxy-3-oxoethyl)-2-methylhydrazino]pentanoic acid 

50 

Palladium hydroxide (1 .0 g.) was added to a solution of the product from part (g) (6.436 g., 13.38 mmol.) 
in warm ethanol (100 ml.). The suspension was vigorously stirred under hydrogen (balloon) for 4 hours. The 
suspension was filtered and the catalyst washed with ethanol. The combined filtrate was concentrated. The 
residue was stripped with toluene (2 x) and dried in vacuo overnight to yield 5.86 g. of product as a colorless 
55 oil which was used for the next reaction without purification. 
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35 



i) (S)-Hexahydro-2-methyl-3 ,7-dk)xo6-phthalimido-1H-1 t 2>diazepine-1-acetic acid, ethyl ester 

Thionyl chloride (1.1 ml.) was added dropwise to a cooled (0° C.) solution of the product from part (h) (5.86 
g., 13.38 mmol.) In methylene chloride (120 ml.). The reaction mixture was stirred at 0° C. for 15 minutes and 
then at room temperature for 3 hours. Additional thionyl chloride (0.3 ml, for a total of 1 .4 ml.) was added and 
the reaction mixture was stirred for another 3 hours, then quenched with potassium bicarbonate solution (2.7 
g. of potassium bicarbonate in 27 ml. of water). The separated organic phase was washed with saturated so- 
dium bicarbonate. The aqueous phase was extracted with methylene chloride (2x). The combined methylene 
chloride phase was washed with water, brine and dried (magnesium sulfate). The filtrate was concentrated 
and the residue dried in vacuo to give 4.70 g. of desired product. 

j) (S)-Hexahydro-2>methyl-3,7-dk)xo-6-amino-1H-1,2-diazepine>1-acetic acid, ethyl ester 

Hydrazine monohydrate (255 uJ., 5.25 mmol.) was added to a suspension of the product from part(i) (1.867 
g., 5.0 mmol.) in ethanol (30 ml.) and methylene chloride (10 ml.). After stirring for 2 hours, the volatiles were 
removed jn vacuo and the residue stripped with toluene (2x), then dried in vacuo . The residue was taken into 
2 M aqueous acetic acid (20 ml.) and the resulting solution was stirred at room temperature for 14 hours. The 
suspension was filtered. The collected filtrate was basif ied with solid sodium bicarbonate to pH 10 and ex- 
tracted with methylene chloride (3x). The combined methylene chloride phase was washed with 50% brine, 
brine, dried (sodium sulfate), filtered and evaporated. The residue was chromatographed using 2.5% metha- 
nol/methylene chloride as a mobile phase to afford 568 mg. of title product as a pale yellow oil. 

k) [S-(^R>Hexahydro-6-[[2-(acetyl^ 
pine- 1 -acetic acid, ethyl ester 

Triethyiamine (302 ul, 2.171 mmol.) was added to a cooled (0° C.) solution of (S)-2-(acetylthk>)benzene- 
propanoic acid (obtained from the dicyclohexylamine salt as described previously, 486 mg., 2.17 mmol) fol- 
lowed by the product from part (j) (480 mg., 1.973 mmol.) in methylene chloride (3 ml.), and benzotriazoi-1- 
yloxytris(dimethylamino)phosphonium hexafluorophosphate (960 mg., 2.171 mmol.) The mixture was stirred 
at 0° C. for 1 hour, then at room temperature for 2 hours. The volatiles were removed in vacuo. The residue 
was taken into ethyl acetate (100 ml.), washed with 5% potassium bisurfate, 50% saturated sodium bicarbon- 
ate, brine, dried (magnesium sulfate), filtered and evaporated to dryness. The crude product was flash chro- 
matographed using 50-70% ethyl acetate/hexane as a mobile phase to give 824 mg. of title product as a white 
foaming compound. 



I) [S-(R*,R*)-Hexahydro-6-[(2-mercapto-1-oxo-3-phenylpropyl)aminoV2-methy1-3,7-dioxo-1H- ,2-diazepine- 
1 -acetic acid 



40 



45 



50 



A solution of the product from part (k) (800 mg.,1 .78 mmol) in methanol (9 ml.) cooled at 0° C. was purged 
with argon for 30 minutes, then treated dropwise with a previously purged 1 M sodium hydroxide solution (7.12 
m. t 4.0 equiv.). The reaction was stirred at 0° C, while maintaining the bubbling of argon, for 1.5 hour, then 
acidified with 1M potassium bisulfate to pH 1-2 and extracted with ethyl acetate (3x). The combined ethyl acet- 
ate extract was washed with brine (2x), dried (magnesium sulfate), filtered and evaporated to dryness. The 
residue was flash chromatographed using 2% acetic acid/ethyl acetate as a mobile phase to give 668 mg. of 
desired product as a white foaming compound. Chloroform was used in the pooling of product-containing col- 
umn fractions. [a] D = -54.8° (c = 0.8, methanol). TLC (3% acetic acid/ethyl acetate) R<= 0.12. 



Anal, calc'd. forC 17 H 21 N 3 05S • 0.57 CHCI 3 : 



Found: 



C, 47.16; 


H, 4.86; 


N, 9.39; 


C.47.48; 


H.4.56; 


N, 9.01; 



S, 7.16 
S.7.17. 
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Example 49 

[S-(R%R*)]-Hexahydrcn6-[(2-roerra 
acetic acid 

5 

a) (S) Hexahydr<>2-methyl-7-oxo-6-phthalimido-1H-1 t 2>diazepine-1-acetic acid, ethyl ester 

A solution of the product from Example 48 (i) (375 mg., 1.0 mmole) in dry tetrahydrofuran (2.4 ml.) was 
cooled to 0° C. and treated dropwise with a 1 M solution of diborane in tetrahydrofuran. After the addition was 

10 completed, the reaction solution was stirred at 0° C. for 30 minutes (at that time it became a gel). The cooling 
bath was removed, and the semi-solid mixture was stirred at room temperature for an additional one hour be- 
fore it was diluted with 2 ml. of methylene chloride and 2 ml. of 2M aqueous hydrochloric acid. After stirring 
for 15 minutes, the mixture was diluted with 20 ml. of methylene chloride, and washed with saturated sodium 
bicarbonate with caution. The separated aqueous phase was extracted with methylene chloride (3x). The com- 

15 bined methylene chloride extract was washed with 50% brine, brine, and dried (sodium sulfate). The filtrate 
was evaporated in vacuo to dryness to afford 344 mg. of crude product as an oil, which was used for the next 
reaction without purification. 

b) (S)-Hexahydro-2-methyi-7-oxo-6-amino>1H-1,2-diazepine-1-acetic acid, ethyl ester 

20 

A solution of the product from part (a) (344 mg. t 0.958 mmol.) in ethanol (3 ml.) was treated with hydrazine 
monohydrate (54.8 ui M 1.13 mmol.) according to the procedure of Example 48 part (j) affording 1 69 mg. of title 
product as a pale yellow oil. 

25 c) [S-(^R*)]-Hexahydro-6-[I2-(acetylth^ 
1 -acetic acid, ethyl ester 

A cold (0° C.) solution of (S)-2-(acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine 
salt as previously described, 1 98 mg., 0.885 mmol.) in methylene chloride (1 ml.) was treated with triethylamine 

30 (123 |tl., 0.88 mmol.), the product from part (b) (169 mg., 0.738 mmol.) in methylene chloride (2 ml.) and ben- 
zotriazol-1-yloxytris(dimethyiamino)phosphonium hexafluorophosphate (392 mg., 0.885 mmol.) The mixture 
was stirred at 0° C. for 1 hour, then at room temperature for 2 hours. The volatiles were removed in vacuo . 
The residue was taken into ethyl acetate (50 ml.), washed with 5% potassium bisuifate, saturated sodium bi- 
carbonate, 50% brine, brine, and dried (magnesium sulfate). The filtrate was evaporated to dryness and the 

35 residue flash chromatographed using 40 - 50% ethyl acetate/hexane as a mobile phase to give 260.5 mg. of 
title product as a colorless oil. 

d) [S-(R*,R*)]-Hexahydro-6-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-methyl-7-oxo-1H-1,2-diazepine-1- 
acetic acid 

40 

A solution of the product from part(c) (235 mg., 0.54 mmol.) in methanol (3 ml.) cooled at0° C. was purged 
with argon for 30 minutes, then treated dropwise with a previously purged 1 M sodium hydroxide solution (2.20 
ml., 4.0 equiv.). The reaction was stirred at 0° C, while maintaining the bubbling of argon for 2 hours, then 
acidified with 1M potassium bisuifate to pH 1-2 and extracted with ethyl acetate (3x). The combined ethyl acet- 
45 ate extracts were washed with brine (2x), dried (sodium sulfate), filtered and evaporated to dryness. The re- 
sidue was flash chromatographed using 2% acetic acid/ethyl acetate as a mobile phase to give 182.2 mg. of 
desired product as a white foaming compound; [a] D = -9.6° (C = 0.3, methanol). TLC (3% acetic acid in ethyl 
acetate) R, = 0.26. 



50 


Anal. calc'd. for C^H^NaC^S ♦ 0.2 H 2 0: 






C, 55.32; 


H, 6.39; 


N, 11.39; 


S, 8.69 




Found: 


C, 55.73. 


H, 6.44; 


N, 10.98; 


S, 8.56. 
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Example 50 

[S-(^R*^2,3,4 t 5-Tetrahydro-3-K^ 
acetic acid 

5 

a) (S)-2-Bromohexanoic acid 

Potassium bromide (15.9 g., 133 mmol.) was added to a stirred solution of D-norleucine (5.0 g., 38 mmol.) 
in 2.5 N sulfuric acid (77 ml.) at room temperature. The reaction mixture was cooled to -10° C. and solid sodium 
10 nitrite (3.94 g., 57 mmol.) was added portionwise, maintaining the temperature between -10° and -5° C. After 
addition was complete, the foamy reaction was stirred for 1 hour and then warmed to room temperature and 
stirred for another hour. The reaction mixture was then extracted twice with ether, the ether extracts were 
washed once with water, dried (magnesium sulfate), filtered and evaporated to give 3.3 g. of crude title product. 

15 b) (S)-2-(Acetylthio)hexanoic acid, dicyclohexyl-amine salt 

To a stirred slurry of potassium thioacetate (2.11 g., 18.5 mmol.) in 50 ml. of dry acetonitrile at room tem- 
perature under argon was added a solution of the product from part (a) (3.27 g., 16.8 mmol.) in 26 ml. of acet- 
onitrile. The reaction was stirred 5 hours. The resulting slurry was filtered and evaporated. The residue was 

20 redissolved in ethyl ether, washed once with 5% potassium hydrogen sulfate solution and once with brine, dried 
(magnesium sulfate) and evaporated. The residue was dissolved in ether (64 ml.) and treated with dicyclohex- 
ylamine (3.4 ml., 16.8 mmol.). The ethereal solution was concentrated in vacuo , and triturated from hexanes 
to give a white solid which was recrystallized from ethyl ether/hexanes to give the title product. The mother 
liquor was concentrated and recrystallized twice to provide a total yield of 2.2 g. of title product; m.p. 145 - 

25 147° C; [a] D = -33.8° (c = 1.08, chloroform). 

c) [S-(^R*)]-2,3,4,5-Tetrahydro-3-[^ acid, 
ethyl ester 

30 Astirred suspension of the productfrom part (b) (295 mg., 0.795 mmol.) in 5 ml. of ethyl acetate was wash- 
ed twice with 5 ml. portions of 5% potassium hydrogen sulfate solution. The organic extract was dried (sodium 
sulfate), filtered, concentrated and dried in vacuo for 20 minutes. The resulting oil was dissolved in 3 ml. of 
methylene chloride and stirred under argon at 0° C. To this solution was added a solution of (S)-2,3,4,5-tet- 
rahydro-3-amino-2-oxo-1H-benzazepine-1-acetic acid, ethyl ester [prepared as described by Watthey et al., 

35 J. Med. Chem., 28, p. 1 511 - 1516 (1 985)] (149 mg., 0.57 mmol.) in methylene chloride (3 ml.) then triethylamine 
(83 uJ-, 0.60 mmol.) and finally benzotriazol-1-yloxytris (dimethylamino)phosphonium hexaf I uoro phosphate 
(264 mg.. 0.60 mmol.). After 1 hour, the reaction was warmed to room temperature and stirred 90 minutes. 
The resulting solution was evaporated at less than 30° C. and the residue redissolved in ethyl acetate. The 
solution was washed once with 1 M hydrochloric acid, once with water, once with a saturated solution of sodium 

40 bicarbonate and once with brine. The organic layer was dried (magnesium sulfate), filtered and evaporated. 
Purification by flash chromatography (eluting with 1:3 ethyl acetate/hexanes) provided 193 mg. of the title 
product; [a] D = -284.3° (c = 0.21, chloroform). 

d) [S-(R*,R*)]-2,3,4,5-Tetrahydro-3-[(2-mercapto-1-oxohexyl-3-phenylpropyl)amino]-2-oxo-1H^ 
45 1 -acetic acid 

Asolution of the product from part(c) (183mg., 0.42 mmol.) in 3.8 ml. of methanol was purged with nitrogen 
for 5 minutes and cooled to 0° C. To this solution was added dropwise 3.8 ml. of nitrogen- purged 1 M sodium 
hydroxide. Nitrogen was slowly bubbled through the solution during the reaction. After one hour, the reaction 

so was warmed to room temperature and stirred one hour. The reaction was acidified with a 5% potassium bi- 
sulfate solution and extracted with ethyl acetate, the extracts were washed with water and a saturated solution 
of sodium chloride, dried (magnesium sulfate) and evaporated. Reevaporation from hexanes yielded a white 
solid. The solid was gently heated in ethyl ether and crystallized with hexanes to give 117 mg. of title product 
as a white solid; m. p. 151-153° C; [a] D = -214.1° (c = 0.46, chloroform). 

55 TLC (ethyl acetate/hexane/acetic acid, 4:4:0.1 ) R f =0.23. 
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Anal, calc'd. for C^N^S: 


Found: 


C, 59.32; 
C P 59.10; 


H, 6.64; 
H, 6.62; 


N, 7.69; 
N, 7.72; 


S. 8.80 
S, 8.63. 



Example 51 

[3S-[3a(RVp1]-Hexahydro-7-(2-hydro^ 
pine-1-acetic acid 

a) gS I transj-Hex^ 
ic acid, methyl ester 

Hydrazine monohydrate (133 ul, 2.70 mmol.) was added dropwise to a solution of (3S-trans)hexahydro- 
3-phthalimido-2-oxo-7-(2-propenyl)-1 H-acetic acid, methyl ester [prepared as set forth in Example 36 part (e), 
609 mg. f 2.45 mmol.]. The reaction was stirred at room temperature for 64 hours, then filtered to remove the 
solid byproducts. The filtrate was concentrated in vacuo , dissolved in methylene chloride, refiltered and rec- 
oncentrated to give a crude oil. The crude oil was dried under vacuum to give 656 mg. of crude (3S-trans)- 
hexahydro-3-amino-2-oxo-7-(2-propenyl)-1H-azepine-1-acetic acid, methyl ester as a yellow oil. 

To a solution of this crude amine (589 mg., 2.45 mmol.) in methylene chloride (10 ml.), purged with argon, 
was added 510 uJ. (3.68 mmol.) of triethylamine. The reaction mixture was stirred 10 minutes, then 642 mg. 
(2.94 mmol.) of di-t-butyl dicarbonate was added. The reaction was stirred at room temperature for 16 hours, 
followed by the addition of a second portion of 170 ul (1.23 mmol.) of triethylamine and 160 mg. (0.74 mmol.) 
of di-t-butyl dicarbonate. The reaction was sitrred an additional 16 hours at room temperature, then diluted 
with 20 ml. of methylene chloride. The organic layer was washed with 2-10 ml. portions of water, dried (mag- 
nesium sulfate) and concentrated in vacuo to give a crude oil. The oil was flash chromatographed (Merck silica, 
25 x 120 mm., 1:6 ethyl acetate/hexane, then 1:4 ethyl acetate/hexane) to give 651 mg. of title product as a 
clear oil. 

b) (3S-trans)-Hexahydro-3-[I(1 > 1-dimethylethoxy)carbonyllamino]-2-oxo-7-(hydroxyethyl)-1H-azepine-1- 
acetic acid, methyl ester 

To a solution of the product from part (a) (554 mg. f 1.63 mmol.) in 3 ml. water/3 ml. dioxane was added 
731 mg. (3.42 mmol.) of sodium periodate, followed after 10 minutes by the dropwise addition of 400 uJ. (0.98 
mmol.) of osmium tetroxide. The reaction was stirred at room temperature for 16 hours, filtered and rinsed 
with ethyl acetate. The resulting filtrate was concentrated in vacuo without heat and flash chromatographed 
(Merck silica, 25 x 120 mm., 1:4 ethyl acetate/hexane-no pressure) to give 309 mg. of (3S-trans)-hexahydro- 
3-[[(1,1-dimethylethoxy)carbonyl)amino]-2-oxo-7-acetaldehyde-1H-azepine-1 -acetic acid, methyl ester as a 

clear oil. 

To a solution of this aldehyde (309 mg., 0.90 mmol.) in methanol (5 ml.), cooled to 0° C, was added por- 
tionwise 68 mg. (1.80 mmol.) of sodium borohydride. The reaction was stirred at 0° C. for 1.5 hours, then 
quenched by the dropwise addition of 0.5 ml. water and warmed to room temperature. The mixture was par- 
titioned between 25 ml. ethyl acetate/25 ml. 1M hydrochloric acid; the aqueous layer was extracted with 2-20 
ml. portions of ethyl acetate. The combined ethyl acetate layers were washed with 1 0 ml. of saturated sodium 
bicarbonate and 10 ml. brine, dried (magnesium sulfate) and concentrated in vacuo to give a crude oil. The 
oil was flash chromatographed (Merck silica, 25 x 90 mm., 2:1 ethyl acetate/hexane, then ethyl acetate) to 
give 292 mg. of title product as a clear oil. 

c) [3S-[3a(Rn,7p]]-Hexahydr^ 
azepine-1 -acetic acid, methyl ester 

To a solution of the product from part (b) (292 mg. f 0.85 mmol.) in dioxane (1 ml.), cooled to 0° C, was 
added portionwise 2.5 ml. (9.34 mmol., 4 M) of hydrochloric acid/dioxane. The reaction was warmed to room 
temperature and stirred for 16 hours, then concentrated in vacuo and azeotroped with toluene to give 248 
mg. of (3S-trans)-hexahydro-3- amino-2-oxo-7-(2-hydroxyethyl)-1H-azepine-1 -acetic acid, methyl ester, hy- 
drochloride salt as a crude oil. 
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To a solution of this amine, hydrochloride salt (189 mg. f 0.67 mmol.) and (S)-2-(acetylthio)benzenepropa- 
noic acid (prepared from the dicyclohexylamine salt as described previously, 157 mg. f (0.74 mmol.) in methy- 
lene chloride (10 ml.), cooled to 0° C, was added triethytamine (230 uJ., 1.68 mmol.). The mixture was stirred 
for 20 minutes, then benzotriazol-l-yloxytris(dimethylamino) phosphonium hexafluorophosphate (327 mg., 
0.74 mmol.) was added. The reaction was stirred at 0° C. for one hour, then at room temperature for 3 hours. 
The reaction mixture was partitioned between 20 ml. ethyl acetate/20 ml. 5% potassium bisulfate solution. 
The water layer was separated and extracted with 2-20 ml. portions of ethyl acetate; the combined ethyl acet- 
ate layers were washed with 20 ml. of 5% potassium bisulfate solution, 20 ml. of saturated sodium bicarbonate, 
2-20 ml. portions of brine, dried (magnesium sulfate) and concentrated in vacuo to give a crude oil. The oil 
was flash chromatographed (Merck silica, 25 x 80 mm., 1 :4 ethyl acetate/hexane) to give 84 mg. of title product 
as a white foam. 

d) [3S-(3a(R*),7&]]-Hexahydro-7-(2-hydro^ 
azepine-1 -acetic acid 

A solution of the product from part (c) (84 mg., 0.19 mmol.) in methanol (2 ml.) was purged with argon for 
30 minutes and cooled to 0° C. To this solution was added dropwise 2 ml. of 1 M sodium hydroxide, also purged 
with argon for 30 minutes and cooled to 0° C. The reaction was stirred at 0° C. for 1 hour, with continuous 
argon purging, then acidified to pH 2 with 5% potassium bisulfate solution. The mixture was extracted with 3- 
20 ml. portions of ethyl acetate; the combined ethyl acetate layers were dried (magnesium sulfate) and con- 
centrated in vacuo to give a crude foam. The foam was flash chromatographed (Merck silica, 15 x 60 mm., 
0.5:5:95 acetic acid/methanol/methylene chloride) to give a white foam, which was azeotroped with toluene 
and dried in vacuo to give 48 mg. of title product as a white foam; [a] D = -42.9° (c = 1.0, CDCI 3 ). 
TLC (acetic acid:methanol:methylene chloride, 1:10:90) R,= 0.25. 



Anal, catc'd. for C^H^NjSOs • 0.5 H 2 0: 





C, 56.55; 


H, 6.75; 


N, 6.94; 


S, 7.94 


Found: 


C, 56.55; 


H, 6.64; 


N, 6.77; 


S, 7.51. 



Example 52 

[1S-[1a,9a(R*)]]-Octahydrch^ 
a][1 t 2]diazepine-1-carboxylic acid 

a) (S)-a-(Acety1thio)-2-thiophenepropanoic acid 

Potassium chloride (3.0 g., 40.1 mmol.) was added to a solution of M2-thienyl)-D-alanine (1.37 g., 8.03 
mmol.) in 2.5 N hydrochloric acid (25 ml.) at room temperature under argon, After stirring for 10 minutes, the 
resulting mixture was cooled to 0° C.and treated with sodium nitrite (720 mg., 10.44 mmol.). After 2.5 hours, 
the reation mixture was warmed to room temperature and was stirred 1 hour. The mixture was partitioned 
between water and ethyl acetate and the organic layer was dried (sodium sulfate), filtered, and concentrated. 
The residue was flash chromatographed (Merck silica gel) eluting with 1 % acetic acid in 3:1 hexane/ethyl acet- 
ate to give 760 mg. of (R)-a-chloro-2-thiophenecarboxyiic acid as a yellow oil. 

Cesium thioacetate (2.95 g., 14.19 mmol.) was added to a solution containing the above chloride (750 mg., 
4.73 mmol.) in dimethyiformamide (15 ml.) at room temperature under argon. After stirring for 2 hours, the 
reaction mixture was partitioned between 10% potassium bisulfate and ethyl acetate. The organic layer was 
washed with brine, dried (sodium sulfate), filtered, and concentrated and the residue was flash chromatograph- 
ed (Merck silica gel) eluting with 1% acetic acid in 4:1 hexane/ethyl acetate to give 500 mg. of the title product 
as an oil. 

TLC (2% acetic acid in 3:1 ethyl acetate/hexane) Rf 0.73. 

b) [lS-{1tt,9a(Rnn-Octahydrc-9-B2-(acet^ 
a][1,2]diazepine-1-carboxylic acid 

The product from part (a) (246 mg., 1.07 mmol.) and (1 S-cis)-octahydro-9- amino- 10-oxo-6H- pyridazi- 
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no[1,2-a][1,2]diazepine-1-carboxylic acid, 1,1-dimethyethyl ester from Example 47(b) (370 mg., 1.17 mmol.) 
were dissolved in methylene chloride (10 ml.) at room temperature under argon. The resulting mixture was 
cooled to 0° C. and triethylamine (0.15 ml., 1.07 mmoL) was added. The resulting mixture was stirred for 5 
minutes then benzotriazoM-yloxytris(dimethylamino) phosphonium hexafluorophosphate (517 mg. f 1.17 

5 mmol. was added. After being stirred at 0° C. for 1 hour, the reaction mixture was warmed to room temperature 
and was stirred for 16 hours. The volatiles were evaporated and the residue was dissolved in ethyl acetate 
and washed successively with 1 N hydrochloric acid, water, 50% saturated sodium bicarbonate, and brine. The 
organic layer was dried (sodium sulfate), filtered, and concentrated and the residue was flash chromatography 
ed (Merck silica gel ) eluting with 3:2 hexane/ethyl acetate. The product was resubjected to flash chromatog- 

10 raphy eluting with 3:1 hexane/ethyl acetate to give 395 mg. of [1S-[1a,9a(R*)]]-octahydro-9-(I2-(acetylthio)- 
lK>xch3-(2-thienyt)propyl]amino]-10-oxo-6H-py acid, 1,1-dimethy- 

lethyl ester as a white foam. TLC (ethyl acetate:hexane, 1:1) Rf = 0.43. 

Anisole (0.38 ml., 3.52 mmol.) was added to a solution of the above product(390 mg., 0.82 mmole) in me- 
thylene chloride (6 ml.) at room temperature under argon. The resulting mixture was treated with trif luoroacetic 

15 acid (0.58 ml.. 7.5 mmol.) and was stirred for 36 hours. The volati les were removed and the residue was chased 
with toluene and evacuated to give 380 mg. of a yellow oil. The oil was purified by column chromatography 
(Merck silica gel) eluting with 1% acetic acid in 1:1 ethyl acetate/hexane followed by 1 % acetic acid in 2:1 ethyl 
acetate/hexane to give 360 mg. of the title product. TLC (1% acetic acid in 1 :1 ethyl acetate/hexane) Rf = 0.28. 

20 c) [1S-(1a,9a(R*)]]-Octahydro-9-[[(2^ 
a][1,2]diazepine-1-carboxylic acid 

A solution of the product from part (b) (328 mg., 0.75 mmol.) in methanol (5 ml., deoxygenated via argon 
bubbling) was cooled to 0° C. and treated with 1 N sodium hydroxide (4 ml., deoxygenated via argon bubbling). 

25 The resulting mixture was stirred under argon for 1 hour. The mixture was acidified with 10% potassium bi- 
sulfete and extracted with ethyl acetate. The organic layer was washed successively with waterand brine, dried 
(sodium sulfate), filtered and concentrated to give a clear oil. This residue was flash chromatographed (Merck 
silica gel) eluting with 1% acetic acid in 1 :2 hexane/ethyl acetate. The fractions containing clean desired prod- 
uct were combined, stripped, azeotroped with ethyl acetate, and washed with water to remove any acetic acid. 

30 The organic layer was dried (sodium sulfate), filtered and concentrated. The residue was taken up in ethyl acet- 
ate and triturated with hexane. The solvent was removed and the residue was slurried in hexane, stripped, 
and dried in vacuo to give 165 mg. of title product as a white powdery foam. [a] D = 131.6° (c = 0.43, methylene 
chloride) 

TLC (1% acetic acid in 2:1 ethyl acetate/hexane) Rf = 0.36. 



Anal, calc'd. for C^H^C^ • 0.21 H 2 0 • 0.09 C 6 H 14 0.13 


C4H8O2: 












C, 51.58; 


H,6.17; 


N, 9.99; 


S, 15.25 


Found: 


C, 51.24; 


H, 6.08; 


N,9.69; 


S, 15.22. 



Example 53 

[1 S-[1 a,8a(R*)]]-Hexahydro-8-[(2-mercapto-1-oxo-3-phenylpropyl]amino]-9-oxo-1 H,5H-pyrazolo[1 ,2-a][1 ,2] 
diazepine-1-carboxylic acid 

a) 1-[(Phenylmethoxy)carbonyll-3-pyrazolidinecarboxylic acid,1,1-dimethylethyl ester 

A solution of 3-pyrazolidinecarboxylic acid, 1,1 -dimethyl ethyl ester (10.935 g., 63.5 mmol.) in dry aceto- 
nitrile (90 ml.) was cooled to 0° C. (ice-salt bath) and treated with dry pyridine (11.0 ml.) followed by a solution 
of benzylchloroformate (12.54 g., 10.5 ml., 69.9 mmol.) in dry acetonitrile (25 ml.). The reaction was stirred 
at 0° C. for 3 hours, evaporated to dryness and the syrup obtained was redissolved in ethyl acetate (250 ml.). 
The solution was washed with 5% sodium bicarbonate (2 x 25 ml.) and brine (25 ml.), dried (anhydrous sodium 
sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product mixture was chromatographed 
on a silica gel column (Merck), eluting the column with ethyl acetate: hexane mixtures (1:4; 1:2) to give 11.144 
g. of title product as a syrup. 
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TLC(ethy) acetate:hexane, 1:1) R f = 0.25. 

b) (S)-2-[2-Phthalimido-1,5-dioxo-5-(pheny^ acid ' 3-(1,1-dime- 
thylethyl)-1-phenv1methyl ester 

The dicylcohexylamine salt of (S)-2-phthalimidopentanedioic acid, 5-(phenylmethyl)ester (11.548 g. ( 21 
mmol.) was suspended in ethyi acetate (700 m!.), washed with 5% potassium bisulfate (5 x 100 ml.) and brine 
(100 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo. 

The free acid obtained was dissolved in dry ether (100 ml.), cooled to 0° C. (ice-salt bath), treated with 
phosphorous pentachloride (4.45 g., 21 mmol.) and stirred at 0° C. for 30 minutes then at room temperature 
for 15 minutes. The reaction mixture was evaporated to dryness, evaporated from toluene (2 x 230 ml.) and 
dried in vacuo . The crude acid chloride was dissolved in toluene (46 ml.), added to a cooled solution (10° C, 
ice-water bath) of the product from part (a) (5.52 g., 18 mmol.) in toluene (35 ml.)-sodium bicarbonate (4.77 
g. in 46 ml. water), warmed up to room temperature and stirred under argon for 20 hours. The reaction mixture 
was diluted with ethyl acetate (650 ml.), washed with 5% potassium bisulfate (2 x 140 ml.) and brine (140 ml.), 
dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo to give 11.587 g. of title 
product. 

c) (lS-cis)-Hexahydrc-8-phthalim^ acid » lil: 
dimethylethyl ester 

A solution of the product from part (b) (12.653 g., 18 mmol.) in dry dimethylformamide (196 ml.) was treat- 
ed with 10% palladium on carbon catalyst (2.19 g.) and hydrogenated (balloon) at room temperature for 24 
hours. The reaction mixture was diluted with methanol (200 ml.) and filtered through a Celite pad, washing 
the pad well with methanol (2 x 200 ml.). The clear filtrate was evaporated to dryness and dried in vacuo to 
give a light gold-colored syrup. The crude product was dissolved in dry methylene chloride (185 ml.), cooled 
to 0° C. (ice-salt bath), treated with thionyl chloride (1.62 ml., 22.2 mmol.), stirred at 0° C. for 15 minutes then 
at room temperature for 6.0 hours. The reaction mixture was quenched with a solution of potassium bicarbon- 
ate (3.93 g.) in water (34 ml.), stirred for 10-15 minutes then extracted with methylene chloride (2 x 290 ml.). 
The combined organic extracts were dried (anhydrous sodium sulfate), filtered, evaporated to dryness and 
dried in vacuo The crude product mixture was chromatographed on a silica gel column (Merck), eluting the 
column with ethyl acetate:hexane mixtures (1:3; 1:2) to give 2.427 g. of title TLC(ethyl acetate:hexane, 1:1) 
Rf=0.37. 

d) (lS-cis)-Hexahydr(>8-phthalimido-9-oxo-1H,5H-pyrazolo[1,2-a][1,2]diazepine-1-cart acid, 1,1-di- 
methylethyl ester 

A solution of the product from part (c) (607 mg., 1.43 mmol.) in dry tetrahydrofuran (12 ml.) was cooled 
to 0° C. (ice-salt bath) and treated with 1 .0 M diborane/tetrahydrof uran according to the procedure of Example 
47 part (a) to give 538 g. of title product as a syrup. TLC (ethyl acetate:hexane, 1:1) R,= 0.38. 

e) (lS-cis^Hexahydro-8-aminc>-9-oxo-1H,5^ acid, 1,1 -dimethyle- 
thyl ester 

A solution of the product from part (d) (505 mg., 1.25 mmol.) in absolute ethanol (5.5 ml.) was treated with 
hydrazine hydrate (0.14 ml., 2.2 eq.) according to the procedure of Example 46 part (b) affording 312 mg. of 
title compound as a syrup. TLC (methylene chloride:methanol, 9:1) R, = 0.63. 

Q[1S-[1a,8a(RnfrHexahydro^ 
a][1,2]diazepine-1-carboxy1ic acid 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from 554 mg. of the dicyclohexylamine salt as previ- 
ously described) was dissolved in methylene chloride (11 ml.), cooled to 0° C. (ice-salt bath), and treated se- 
quentially with a solution of the product from part (e) (350 mg.. 1.25 mmol.) in dry methylene chloride (2.5 
ml.), triethylamine (0.17 ml., 1.22 mmol.), and benzotriazol-1-yloxytris (dimethytamino)phosphonium hexa- 
fluorophosphate (561 mg.. 1.29 mmol.) according to the procedure of Example 47 part (c) to give 400 mg. of 
[1 S-[1 a,8a(R*)]>hexahydrc-8-H2-^^^ 

]diazepine-1-carboxyiic acid, 1,1 -dimethyl ethyl ester as a syrup. TLC (ethyl acetate:hexane, 1:1) Rf = 0.28. 
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A solution of this material in dry methylene chloride was treated with anisole and trifluoroacetic acid ac- 
cording to the procedure of Example 47 part (d) affording the title product as a solid; [a] D = -111.5° (c = 0.48, 
methanol). TLC (ethyl acetate: acetic acid, 95:5) R, = 0.38. 

5 g) [1S-[1a,8a(R*)]]-Hexahydrt)-8-[(2-mercapto-^^ [1,2- 
a][1,2]diazepine-1-carboxylic acid 

A solution of the product from part (f) in dry methanol was treated with 1.0 N sodium hydroxide according 
to the procedure of Example 47 part (d) to give the title product as a white solid amorphous foam; [a] D = -71° 
10 (c = 0.50, methanol). TLC (ethyl acetate:acetic acid, 95:5) Rf = 0.25. 



Anal, calc'd. for C^H^C^S - 0.13 C 6 H 12 • 0.20 H 2 0: 


Found: 


C, 57.36; 
C, 57.36; 


H, 6.44; 
H.6.50; 


N. 10.76; 
N, 10.47; 


S, 8.21 
S, 8.10. 



Example 54 

[1S-[1a,8a(R*)]]-Hexahydro-8-[^ 
[1,2]diazepine-1-carboxylic acid 

a) (1S-cis>Hexahydro-8-amino-5,9-dioxc)-1^ acid, 1,1-dime- 
thylethyl ester 

A solution of the product from Example 53 part (c) (700 mg. ( 1 .67 mmol.) in absolute ethanol (7.4 ml.) was 
treated with hydrazine hydrate (0.19 ml., 2.2 eq.) according to the procedure of Example 53 part (e) to give 
436 mg. of title product as a white foam. TLC (methylene chloride:methanol, 9:1) R f = 0.30. 

b) [1S-[1a,8a(R*)]]-Hexahydrc~8-[(2-mero 
a][1,2]diazepine-1-carboxylic acid 

The product from part (a) was reacted with (S)-2-(acetythio)benzenepropanoic acid in the presence of trie- 
thylamine and benzotriazol-1-yloxytris (dimethylamino)phosphonium hexafluorophosphate according to the 
procedure of Example 53 part (f) affording [1S-[1a,8a(R*)]]-hexahydro-8-[I2-(acetylthio)-1-oxo-3- phenyl pro- 
pyl]amino]-5,9-dioxo-1H,5H-pyrazolo[1,2-a][1,2]diazepine-1-carboxylicacid, 1,1-dimethylethyl ester as a syr- 
up. TLC (ethyl acetate:hexane, 1:1) R f = 0.22. 

This material was treated with anisole followed by trifluoroacetic acid according to the procedure of Ex- 
ample 53 part (f). The resulting acid product was dissolved in methanol and treated with 1 .0 N sodium hydroxide 
according to the procedure of Example 53 part (g) affording the title product as a white solid amorphous foam; 
[a] D = -95.8° (c = 0.72, .methanol). TLC (methylene chloride:methanol:acetic acid, 20:1:1) R, = 0.13. 



Anal, calc'd. for C^HziNaOsS • 0.07 C 6 H U • 1.14 H 2 Q: 


Found: 


C, 52.89; 
C, 52.89; 


H, 5.83; 
H, 5.80; 


N, 10.06; 
N, 9.18; 


S, 7.67 
S, 7.01. 



so Example 55 

[3S-[1(R*),3a(R*),7PI]-Hexahydro-q-^ 
1H-azepine-1 -acetic acid 

55 a) [3S-[1(R*),3a,7p]]-Hexahydro^-methyl-3-phthalimido-2-oxo-7-(2-propeny1)-1H-azepine-1-acetic acid, 
methyl ester 

Allyltrimethylsilane (1.53 ml., 9.6 mmol.) was added to a solution of [S-(R*,R*)]-hexahydro-a-methyJ-3- 
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phthalimido-2-oxo-1H-azepine-1-acetic acid, methyl ester (485 mg., 1.48 mmoL) in methylene chloride (20 
ml.) at room temperature under argon. Following the addition of of stannic bromide (1.0 M in methylene chlor- 
ide, 2.52 ml., 2.52 mmoL), the resulting mixture was stirred for 4 hours. Another portion of stannic bromide 
(1.48 ml.) was added and stirring was continued for 48 hours. The reaction mixture was quenched with aqu- 

5 eous ammonium chloride and extracted with ethyl acetate. The organic layer was washed with brine, dried 
(sodium sulfate), filtered, and concentrated to give 1.2 g. of a yellow residue. The crude acid was dissolved 
in methanol, cooled to 0° C, and treated with diazomethane to generate the methyl ester. The volatiles were 
removed and the residue was flash chromatographed (Merck silica gel) eluting with 1 :3 ethyl acetate/hexane 
followed by 1:1 ethyl acetate/hexane to give 283 mg. of title product as a white foam; [a] D = -13.7° (c = 0.54, 

10 methylene chloride)). TLC(ethyl acetate: hexane, 1:1) R, = 0.50. 

b) f3S-[1(R*), 3a,7p)]-Hexahydro>g-methyl-3-phthalimido-2-oxo-7>propyl-1H-azepine-1-acetic acid, methyl 
ester 

15 A solution of the product from part (a) (463 mg., 1.24 mmol.) in 1:1 methanol/ethyl acetate (14 ml.) was 
hydrogenated over 10% palladium on carbon catalyst (41 mg.) for 3 hours. The mixture was filtered through 
Celite and the volatiles were removed to give 483 mg. of title product as a yellow oil. 

c) f3S-[1(Rn,3a(R # ),7M-Hexahydro 

20 py1-1H-azepine-1-acetic acid, methyl ester 

The product from part (b) (483 mg.) was suspended in methanol (7 ml.) at room temperature under argon. 
The mixture was treated with hydrazine monohydrate (0.07 ml., 1 .45 mmol.), became homogeneous, and was 
stirred for 18 hours. The mixture was filtered to remove the white precipitate and the filtrate was stripped, 

25 treated with methylene chloride, filtered and stripped again to give 282 mg. of [3S-[1(R*),3a,7P)]-hexahydro- 
a-methyl-3-aminc-2-oxo-7-propyl-1H-azepine-1 -acetic acid, methyl ester as a yellow oil. 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from 491 mg. of the dicyclohexylamine salt as descri- 
bed previously) was dissolved in methylene chloride (15 ml.) at room temperature under argon. Following the 
addition of the above amine (282 mg., 1.10 mmol.), the mixture was cooled to 0 °C and treated with triethy- 

30 lamine (0.17 ml., 1 .21 mmol.) and benzotriazol-1-yloxytris (dimethylamino)phosphonium hexaf luorophosphate 
(511 mg., 1.16 mmol.) according to the procedure of Example 36 part (f) to give 385 mg. of the title product 
as a white foam. TLC(ethyl acetate: hexane, 1:1) R f = 0.43. 

d) [3S-[1(R*),3a(R*),7p]]-Hexahydro-a-meth^ 
35 1H-azepine-1-acetic acid 

A solution of the product from part (c) (385 mg., 0.83 mmol.) in methanol (10 ml.) was treated with 1N 
sodium hydroxide (8 ml.) according to the procedure of Example 36 part (g) to give 142 mg. of title product as 
a white powdery foam; [a] D = -51 ,6° (c = 0.48, methylene chloride) TLC (1 % acetic acid in 2:1 ethyl acetate/hex- 



40 ane) R< = 0.60. 





Anal, calc'd. for C^HmN^S . 0.14 H 2 0: 






C, 61.67; 


H, 7.46; 


N, 6.85; 


S, 7.84 


45 


Found: 


C, 61.97; 


H, 7.50; 


N, 6.55; 


S, 7.62. 



Example 56 

[S-^R*)K2,3,4,5-Tetrahydro-3-[(2-^^ 
diazepine-1 -acetic acid 

a) [S-(R\R*)]-2,3,4,5-Tetrahydro-3-[[2-(are^ 
b1[1,2]diazepine-1-acetic acid, ethyl ester 

(S)-3-Amino-2-oxo-1H-pyrrolo[1,2-b][1.2]diazepine-1-acetic acid, ethyl ester [prepared as described by 
Bolos et al., J. Org. Chem., 57, p 3535 - 33539 (1992)] was reacted with (S)-2-(acety1thio)benzenepropanoic 
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10 



15 



acid in the presence of triethylamine and benzotriazol-1-yloxytris(di met hi amino) phosphonium hexafluoro- 
phosphate according to the procedure described above, as note Example 36 part (f), affording the title product 
as a colorless oil. 

b) [S-(R\R*)]-2,3,4,5-Tetrahydro-3-[(2-mer^ H-pyrrolo [1 ,2- 

b][1,2]diazepine-1 -acetic acid 

A solution of the product from part (a) (135 mg., 0.30 mmol.) in methanol (2 ml.), tetrahydrofuran (1 ml.), 
and water (1 ml.) was sparged with argon for 30 minutes. Lithium hydroxide monohydride (50 mg., 1 .2 mmol.) 
was added to the solution at room temperature. The reaction mixture was stirred for 2 hours with continuous 
argon sparge, then acidified by the addition of 1M aqueous hydrochloric acid solution (1.4 ml.), then added 
to water (20 ml.) and then extracted with ethyl acetate (2x15 ml.). The organic extracts were combined, dried 
(sodium sulfate), and concentrated in vacuo to give an oil. The crude material was purified by flash chroma- 
tography (Merck silica, 12 x 1.5 cm., 1:99 acetic acid/ethyl acetate) to afford 115 mg. of title product as a white 
solid foam; [a] D = -67° (c = 0.26, methanol). TLC (acetic acidimethanol: methylene chloride, 1 :10:90) R, = 0.43 





Anal, calc'd. for C^NsC^S: 






C, 58.90; 


H, 5.46; 


N, 10.85; 


S, 8.27 


20 


Found: 


C, 58.55; 


H, 5.50; 


N, 10.74; 


S, 8.17. 



25 



30 



35 



Example 57 

[1S-[1a,9a(R*)n-Octahydro-9-^ [jj: 
a][1,2]diazepine-1-carboxylic acid 

A solution of the product of Example 47 (100 mg., 0.247 mmol.) dissolved in ethanol (1.5 ml.) and water 
(0.15 ml.) was cooled to 0° C. and treated with methyl methanethiosulfonate (30.5 jjtl, 37.4 mg., 0.296 mmol.). 
After 2 hours at 0° C. and 6 hours at room temperature, the reaction mixture was diluted with water and ex- 
tracted with a mixture of ethyl acetate and ethyl ether. The organic extract was rinsed with water and brine, 
dried (magnesium sulfate), and concentrated in vacuo to 157 mg. of crude product. Flash chromatography on 
12 g. of Merck silica gel eluted with hexanes, then 1:1,hexanes: ethyl acetate, and finally 4:4:0.05 followed by 
4:4:0.1 , hexanesrethyi acetate :acetic acid yielded purified product. Trituration with ethyl acetate-hexanes af- 
forded 85.4 mg. of title product as a white solid foam; [<x] D = - 104.2° (c = 0.1 8, chloroform). TLC(hexanes:ethyl 





Anal, calc'd. for C2oH 27 N 3 04S - 0.05 C 4 H 8 0 2 ■ 0.01 C 6 H 14 : 


40 


Found: 


C, 54.95; 
C, 55.03; 


H, 6.27; 
H, 6.22; 


N, 9.49; 
N, 9.49; 


S, 14.48 
S, 14.40. 



45 Example 58 

rS-((R%R*)]-2,3,4,5-Tetrahydro-3-^ 
acetic acid 

50 A solution of the product of Example 6 (100 mg., 0.235 mmol.) dissolved in ethanol (1.2 ml.) and water 
(0.112 ml.) was cooled to 0° C. and treated with methyl methanesulfonate (29 ul., 35.6 mg., 0.282 mmol.). After 
one hour at 0° C, the reaction was kept at room temperature for 8 hours, then refrigerated overnight The 
reaction mixture was diluted with water and extracted with a mixture of 'ethyl acetate and ethyl ether. The or- 
ganic extract was rinsed with water and brine, dried (magnesium sulfate), and concentrated in vacuo to 123 

55 mg. of crude product. Flash chromatography on 9 g. of Merck silica gel eluted with hexanes, then 1:1 , hexanes: 
ethyl acetate, and finally 4:4:0.1 .hexanes: ethyl acetate: acetic acid yielded 108 mg. of product. Trituration with 
ethyl acetate-hexanes gave 97 mg. of title product as a white solid; m.p. 83-95° C; [a] D = -185.17° (c = 0.3, 
chloroform). 
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TLC(hexanes:ethyl acetate:acetic acid, 4:4:0.1) R f = 0.16. 



Anal, calc'd. for C^H^C^ ■ 0.84 H 2 0 . 0.07 C 4 H 8 0 2 • 0.07 


CeH 14 : 












C, 57.78; 


H.5.81; 


N, 5.94; 


S, 13.59 


Found: 


C, 57.70; 


H,6.13; 


N, 6.27; 


S, 13.20. 



Example 59 

[S-(^R*fr2,3 t 4>Tetrahydro-3-[(2^ 
ic acid 

a) (S)-2-Bromo-4-methy)pentanoic acid 

Potassium bromide (9.5 g., 80 mmol.) was added to a stirred solution of D-leucine (3.0 g„ 23 mmol.) in 
2.5 N sulfuric acid (47 ml.) at room temperature. The reaction mixture was cooled to -10° C. and solid sodium 
nitrite (2.4 g., 34 mmol.) was added portionwise, maintaining the temperature between -10° and -5° C. After 
addition was complete, the reaction was stirred for 1 hour and then warmed to room temperature and stirred 
for another hour. The reaction mixture was then extracted twice with ether, the ether extracts were washed 
once with water, dried (magnesium sulfate), filtered and evaporated to give 2.7 g. of crude title product 

b) (S)-2-(Acetylthio)-4-methy1pentanoic acid, dicyclohexylamine salt 

To a stirred slurry of potassium thioacetate (1.7 g., 15.0 mmol.) in 50 ml. of dry acetonitrile at room tem- 
perature under argon was added a solution of the product from part (a) (2.6 g., 13 mmol.) in 17 ml. of aceto- 
nitrile. The reaction was stirred 4 hours. The resulting slurry was filtered and evaporated. The residue was 
redissolved in ethyl ether, washed once with 5% potassium hydrogen sulfate solution and once with brine, dried 
(magnesium sulfate) and evaporated. The residue was dissolved in ether (64 ml.) and treated with dicyclohex- 
ylamine (2.7 ml., 14 mmol.). A white solid immediately began precipitating from the solution. The solution was 
filtered and the white solid collected to give 2.0 g. of title product; m.p. 153 - 158° C: [a] D = -54.5° C. (c = 0.61 , 
chloroform). 

c) [S-(R*,R*)1-2,3,4,5-Tetrahydro-3-[[2-(acetylthio)-1-oxo-4-methy1pentyl]amino]-2-oxo-1H-b 
acetic acid, ethyl ester 

Astirred suspension of the productfrom part (b) (312 mg., 0.840 mmol.) in 5 ml. of ethyl acetate was wash- 
ed twice with 5 ml. portions of 5% potassium hydrogen sulfate solution. The organic extract was dried (sodium 
sulfate), filtered, concentrated and dried in vacuo for 20 minutes. The resulting oil was dissolved in 2.5 ml. of 
methylene chloride and stirred under argon at 0° C. To this solution was added a solution of (S)-2,3,4,5-tet- 
rahydro-3-amino-2-oxo-1H-benzazepine-1-acetic acid, ethyl ester [prepared as described by Watthey et al., 
J. Med. Chem., 28, p. 1511 - 1516 (1985)] (142 mg., 0.54 mmol.) in methylene chloride (3 ml.), then triethyla- 
mine (80 ml., 0.57 mmol.) and finally benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophos- 
phate (251 mg., 0.57 mmol.). After 1 hour, the reaction was warmed to room temperature and stirred 90 min- 
utes. The resulting colorless solution was evaporated at less than 30° C. and the oily residue redissolved in 
ethyl acetate. The solution was washed once with 1 M hydrochloric acid, once with water, once with a saturated 
solution of sodium bicarbonate and once with brine. The organic layer was dried (magnesium sulfate), filtered 
and evaporated. Purification by flash chromatography (eluting with 2:5 ethyl acetate/hexanes) provided 223 
mg. of the title product; [a] D = -243.9° (c = 0.62, chloroform). 

d) [S-^R*)1-2,3,4,5-Tetrahydro-3-[(2-merra^ 
acetic acid 

A solution of the productfrom part (c) (190 mg., 0.44 mmol.) in 4 ml. of methanol was purged with nitrogen 
for 5 minutes and cooled to 0° C. To this solution was added dropwise 4 ml. of nitrogen-purged 1M sodium 
hydroxide. Nitrogen was slowly bubbled through the solution during the reaction. After one hour, the reaction 
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was warmed to room temperature and stirred one hour. The reaction was acidified with a 5% potassium bi- 
sulfate solution and extracted with ethyl acetate, the extracts were washed with water and a saturated solution 
of sodium chloride, dried (sodium sulfate) and evaporated. Reevaporation from hexanes yielded a white solid. 
The solid was gently heated in ethyl ether, filtered to remove an insoluble oil, and crystallized with hexanes 
5 to give 117 mg. of title product as a white solid; m. p. 143-144° C; [a] D = -224.3° (c = 0.46, chloroform). TLC 
(ethyl acetate/hexane/acetic acid, 4:4:0.1) R f =0.19. 





Anal. calc'd. for C^H^C^S ■ 0.02 C 4 H 10 O: 


10 




C, 59.34; 


H, 6.67; 


N, 7.66; 


S, 8.76 I 




Found: 


C, 58.97; 


H, 6.72; 


N, 7.52; 


S, 8.67. 



Example 60 

[R-^S*)]-2,3,4,5-Tetrahydro-3-[(2-m^ 
pine-1-acetic acid 

a) S.S'-Bis(4-methoxy-a-toluenethiol) 

A solution of 4-methoxy-a-toluenethiol (25 g. f 0.16 mol.) in benzene (200 ml) was added to a solution of 
potassium carbonate (44.8 g., 0.32 mol.) in water (200 ml.) and the resulting mixture was treated portbnwise, 
with rapid stirring, with iodine (23.6 g.) until the color of iodine persisted. The reaction mixture was stirred for 
15 minutes after which the excess iodine was destroyed by the addition of solid sodium sulfite (10 g.). The 
reaction mixture was diluted with benzene (200 ml.) and partitioned, reextracting the aqueous phase with 
more benzene (100 ml.). The combined organic extracts were washed with water (100 ml.), 5% sodium sulfite 
(100 ml.) and brine (50 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried 
in vacuo . The crude product was recrystallized from ethyl acetate (200 ml.) and filtered, washing the cream 
colored precipitates with ethyl acetate (25 ml.), to give 16.596 g. of title product; m. p. 99-100° C. TLC(methy- 
lene chloride: methanol, 9:1) Rf = 0.57. 

b) g-Methyl-hydrocinnamic acid 

Asolution of ct-methyl cinnamic acid (10.0 g., 61 .7 mmol.) in dry methanol (250 ml.) was treated with 10% 
palladium on carbon and hydrogenated (balloon used) at room temperature for 16 hours. The reaction mixture 
was diluted with methanol (250 ml.), filtered through a Celite pad in a millipore unit, washing the pad well with 
methanol (2 x 100 ml.). The clear filtrate was evaporated to dryness to give 10.225 g. of title product as a thick 
syrup.. 

c) g-Methyl-a-[[(4-methoxyphenyl)methyllthio]hydrocinnamic acid 

Asolution of diisopropylamine (1.69 ml., 12.2 mmol.) in dry tetrahydrofuran (9.0 mi.) was cooled to -30° 
C. (acetonitrile-dry ice bath), treated with 2.5 M butyilithium (4.84 ml., 12.1 mmol.) and stirred at -30° C. for 
20 minutes. The resulting lithium diisopropylamide solution was then treated with a solution of a-methyl-hy- 
drocinnamic acid (1 .0 g., 6. 1 mmol.) in dry tetrahydrofuran (1 .0 ml.), warmed up to room temperature and stir- 
red under argon for 1 .5 hours. The reaction mixture was cooled to 0° C. (ice-salt bath), treated with a solution 
of S,S'-bis(4-methoxy-a-toluenethiol) (1.869 g., 6.1 mmol.) in dry tetrahydrofuran (6.0 ml) and stirred for 45 
minutes at 0° C. under argon. The mixture was then added slowly to 1 .0 N hydrochloric acid (19.0 ml.) and the 
aqueous mixture was extracted with ethyl acetate (2 x 50 ml). The combined organic extracts were washed 
with water (15 ml.) and brine (15 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness 
and dried in vacuo . The crude product mixture was chromatographed on a silica gel column (Merck), eluting 
the column with ethyl acetate: hexane mixtures (1:4; 1:2) followed by ethyl acetate:acetic acid (100:2) to give 
1.45 g. of title product 
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10 



15 



20 



25 



30 



35 



d) [R-(R%S*)]-2,3,4,5-Tetrahydro-3-n2-[[(4-met^^ 

no]-2-oxo-1H-benzazepine-1 -acetic acid t 1,1-dimethylethyl ester and [S-(R»,R*)]-2,3 t 4,5-tetrahydro-3-[[2- 

[[(4-methoxyphenyl)methyl]thio^2-methyM^ 

acid, 1,1-dimethylethyl ester 

A solution of the product from part (c) (497 mg., 1 .57 mmol.. 1 .09 eq.) was cooled to 0° C. (ice-salt bath), 
treated with a solution of (S)-2,3,4,5-tetrahydro-3-aminc-2-oxo-1H-benzazepine-1 -acetic acid, 1,1-dimethy- 
lethyl ester [prepared according to the procedure of Watthey et ai. t J. Med. Chem. 28, p. 1511 - 1516 (1985)] 
(417 mg., 1.44 mmol.) in dry methylene chloride (2.9 ml.) followed by triethylamine (0.2 ml., 1.45 mmol.) and 
benzotriazol-1-yloxytris (dimethyiamino)phosphonium hexafluorophosphate (642 mg., 1.45 mmol.). The reac- 
tion mixture was stirred at 0° C. for 1.0 hour then at room temperature for 2.5 hours after which it was evapo- 
rated to dryness. The syrup obtained was redissolved in ethyl acetate (50 ml.) and the resulting solution wash- 
ed with 0.5 N hydrochloric acid (2 x 8.3 ml.), water (8.3 ml.) and brine (8.3 ml.), dried (anhydrous sodium sulfate), 
filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl acetate: hexane (1:4) to give 709 mg. of a mixture of isomeric 
products. 

Rechromatography of the isomer mixture on a silica gel column and elution with ethyl acetate: methylene 
chloride (1:99, 2:98) gave 340 mg. of the [R-(R*.S*)] title product; [a] D = -72° (c = 0.66, methanol); TLC(ethyl 
acetate:hexane, 1:1) Rf = 0.70 and 316 mg. of the [S-(R*,R*)title product; [a] D = -142° (c = 0.5, methanol); 
TLC(ethyi acetate: hexane, 1:1) R f = 0.87. 

e) [R-^S^l^AS-Tetrahydro-S-I^ 
pine-1-acetic acid 

A solution of the [R-(R*,S*)] product from part (d) (300 mg., 0.51 mmol.) in trifluoroacetic acid (2.5 ml.) 
was cooled to 0° C. (ice-salt bath), treated with anisole (0.25 ml., 2.3 mmol.) and trifluoromethanesulfonic acid 
(0.13 ml., 1.47 mmol.) and stirred at 0° C. for 2.5 hours under argon. The reaction mixture was stripped to 
dryness, evaporating the residual syrup from ethyl acetate (2x15 ml.) then dried in vacuo . The crude product 
mixture was chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate and ethyl 
acetate:acetic acid (100:2). The first set of desired fractions were combined and partitioned between ethyl 
acetate and 1.0 N hydrochloric acid to give 91.0 mg. of crude product This was combined with a second set 
effractions which were also rechromatographed separately on another silica gel column to give a total amount 
of 301 mg. which still had impurities. Rechromatography on a third silica gel column was done, eluting the 
column with toluene:acetic acid (6:1) to give 156 mg. of pure title product as a solid foam; [a] D = -248.3° (c = 
0.73, methanol). TLC(toluene:acetic acid, 5:1) R f = 0.28. 



40 



Anal, calc'd. for C^N^S 0.21 C 6 H U • 0.54 H 2 0: 



Found: 



C, 63.82; 


H, 5.85; 


N, 6.40; 


C, 63.82; 


H, 6.14; 


N.6.21; 



S, 7.32 
S, 7.16. 



Example 61 

[S-^R*fr2,3,4,5-Tetrahydro-3-[(2-mera^ 
pine-1 -acetic acid 

A solution of the [S-(R*,R*)] product from Example 60 part (d) (316 mg., 0.54 mmol.) in trifluoroacetic acid 
(2.63 ml.) was cooled to 0° C. and treated with anisole (0.26 ml.. 2.30 mmol.) and trifluoromethanesulfonic 
acid (0.14 ml., 1 .58 mmol.) according to the procedure of Example 60 part (e) to give 209.8 mg. of title product; 
[ a ] D = _<|23° (c = 0.48, methanol). TLC (toluene:acetic acid, 5:1) R f = 0.35. 





Anal, calc'd. for C^H^CUS • 0.4 C 6 H 


14- 




55 




C, 64.22; 


H, 5.95; 


N, 6.73; 


S, 7.70 




Found: 


C, 64.38; 


H, 6.19; 


N, 6.27; 


S, 7.05. 
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Example 62 



10 



15 



20 



25 
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35 
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[3R-[3a,6a(S*),9aM]-Octahydro-6-[(2-m^ 
3-carboxylic acid, 1-oxide 

a) [3R-[3g t 6a(S*),9aP1]-octahyd 
pine-3-carboxylic acid, 1-oxide, methyl ester 

A solution of the product from Example 11 part (f) (301 mg., 0.67 mmol.) in chloroform (9.5 ml.) was cooled 
to 0 - 5° C. To this solution was added a solution of meta-chloroperoxybenzoic acid (137 mg., 0.79 mmol.) in 
chloroform (7 ml.). The reaction mixture was stirred at 0° C. under nitrogen. After 1 hour, TLC showed the 
absence of starting material. The reaction mixture was diluted with chloroform (66 ml.), washed with dilute 
sodium bicarbonate (2x13 ml.) (pH = 10), water (27 ml.) and dried over sodium sulfate. It was filtered and 
concentrated in vacuo to a foamy solid. The foamy solid was flash chromatographed over Merck silica gel (30 
ml.) with ethyl acetate:acetonitrile (95:5) (400 ml.) to give 263 mg. of title product as a 55:45 mixture of dia- 
stereomers (R,S mixture of sulfoxide). 
TLC(ethyl acetate :acetonit rile, 95:5) Rf = 0,23. 

b) (3R-(3a,6a(S*)9ttp3]-Octahydro-6-[(2-^^ 
pine- 3-carboxylic acid, 1-oxide. 

A solution of the product from part (a) (263 mg., 0.56 mmol.) in methanol (3.4 ml., deoxygenated via argon 
bubbling) was treated with 1N sodium hydroxide (2.8 ml., 2.8 mmol., deoxygenated via argon bubbling) and 
the clear solution was stirred under argon at room temperature. After 2 hours, TLC showed the absence of 
starting material. The solution was acidified with 10% potassium bisulfate (12.5 ml.), diluted with water (17 
ml.), and extracted with ethyl acetate (3 x 60 ml.). The ethyl acetate extract was washed with water (25 ml.), 
brine (50 ml.) and dried over sodium sulfate. It was filtered and concentrated to an oily residue. Treatment of 
this residue with hexane and ethyl ether gave a solid (230 mg.). The solid was flash chromatographed over 
Merck silica gel (50 ml.), using ethyl acetate/acetonitrile/acetic acid (50:50:6to7) (600 ml.) to give (142 mg.) 
of solid. The solid (142 mg.) was dissolved in methanol (2 ml.) and diluted with ethyl acetate (25 ml.). It was 
washed with 10% potassium bisulfate (3 ml.) (pH = 2), diluted with water (8 ml.). The organic layer was sepa- 
rated. The aqueous layer was extracted with ethyl acetate (3x10 ml.). The combined ethyl acetate extract 
was washed with water (5 ml.), brine (5 ml.), dried over sodium sulfate, filtered and concentrated to an oily 
residue. Trituration of this residue with ethyl acetate/ethyl ether gave 102 mg. of title product as a single iso- 



mer; m.p. 

129-1 32° C. (foaming); [a] D = -89.3° (c = 
R f =0.26. 



0.3, dimethylformamide). TLC(ethyl acetate/acetonitrile/acetic acid) 



Anal, calc'd. for C 18 H22N 2 0 5 S 2 - 0.12 C 4 H 8 0 2 • 0.56 H 2 0: 



Found: 



C, 51.48; 


H, 5.62; 


N, 6.49; 


C, 51.32; 


H, 5.34; 


N, 6.74; 



S, 14.87 
S, 14.50. 



45 



Example 63 

1000 tablets each containing the following ingredients: 



50 



55 
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[S-(R\R>2,3,4,5-Tetrtahydrc-3-[2-(mera^ 
zepine-2-aceticacid 


200 mg. 


Cornstarch 


100 mg. 


Gelatin 


20 mg. 


Avicel (microcrystalline cellulose) 


50 mg. 


Magnesium stearate 


5mg. 
375 mg. 



are prepared from sufficient bulk quantities by mixing the product of Example 6 and cornstarch with an aqu- 
eous solution of the gelatin. The mixturte is dried and ground to a fine powder. The Avicel and then the mag- 
nesium stearate are admixed with granulation. This mixture is then compressed in a tablet press to form 1000 
tablets each containing 200 mg. of active ingredient. 

In a similar manner, tablets containing 200 mg. of the product of any of Examples 1 to 5 and 7 to 62 can 
be prepared. 

Similar procedures can be employed to form tablets or capsules containing from 50 mg. to 500 mg. of ac- 
tive ingredient 

Claims 

1. A compound of the formula 



(I) 



0 
I 

Ri— s — (CH 2 ) n — c — c — x x 



R 2 



and such a compound in pharmaceutical^ acceptable salt form wherein: 
R, is hydrogen, 




or R 18 -S- ; 

R 2 and R 19 are independently selected from hydrogen, alkyl, cydoalkyl-(CH2) m -, substituted alkyl, 
aryl-(CH2) m -, substituted aryHCHJm-, and heteroaryKCH 2 ) m - ; 

n is zero or one provided that n must be zero when R 2 and R 19 are both other than hydrogen; 
m is zero or an integer from 1 to 6; 

R 3 is alkyl, substituted alkyl, cycloalkyHCH^-, aryKCH^, substituted aryl-(CH 2 ) m -, or hetero- 
aryHCHdrt- ; 

R 18 is alkyl, substituted alkyl, cycloalkyl-tCHJ^.aryl-tCH^-, substituted aryHCH^-, heteroaryl- 
(CHJn,- or -S-R 18 completes a symmetrical disulfide wherein R 18 is of the formula 
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w 



(II) 



(CH 2 ) n — C 

*\/ \ 2 



O 

U 

c 



X, is of the formula 



15 



20 



25 



(III) 



R 4\ ^R 5 




(CH 2 )q 



I I R 7 II 

.N— C— (CH 2 ) b ~ C OR 12 



N 
I 

H 



C 

II 

0 



\ 

Rio R u 



30 



35 



40 



(IV) 



(CH 2 ) 



(0) 6 p 

i— 



N 
I 

H 



■J? 



O 

n 



J2 — (CH 2 ) b C -OR 12 

R 10 Ru 



45 



50 



55 



(V) 



(0), 



(CH 2 ), 



Rio R " 



II 

(CH 2 ) b -C-OR 12 



I 

H 



C 
I 

o 
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(VI) 



(VII) 



(VIII) 
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or 

(XIII) 



| 

H 



Rl3 



o 
II 

^-^'(CH 2 ) b — C — 0R 12 



| Rio - R n 



15 R4 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, hydroxy, cycloalkyl -(CHJm-, 

aryl -(CH^-, substituted aryl -(CH^m-, or heteroaryl -(CH^m-; 

R 5 is hydrogen, alkyl, substituted aikyf, alkenyl, cydoalkyl-(CH2) m -, aryl-(CH 2 ) m -, substituted aryl- 
(CHJm-, hydroxy, or R4 and R$ taken together with the carbon to which they are attached complete a satu- 
rated cycloalkyl ring of 3 to 7 carbons or R4 and R 5 together with the carbon to which they are attached 
20 complete a keto substituent; 

Re, Ra and R 10 are independently selected from hydrogen, alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, cycloalkyl -(CH 2 ) m -, aryKCH^-, substituted aryl-(CH2) m -, and heteroaryl-(CH2) m -; 

R 7 , R9 and Ru are independently selected from hydrogen, alkyl, substituted alkyl, alkenyl, substi- 
tuted alkenyl, cycloalkyl -(CH 2 ) m -, aryl-(CH2) m » and substituted aryl -(CH 2 ) m -, or Re and R 7 taken together 
25 with the carbon to which they are attached complete a saturated cycloalkyl ring of 3 to 7 carbons or Ra 

and R 9 taken together with the carbon to which they are attached complete a saturated cycloalkyl ring of 
3 to 7 carbons; 

b is zero or one; 
q is an integer from 1 to 4; 
30 r is one or two; 

s is zero, one or two; 
t is one, two, or three; 
v is one or two; 
w is one or two; 
35 Y, Is -CH r , -(CH^r, -(CH 2 ) 3 -. -0-, 



40 



45 



50 



55 



(0) s 

-CH r O-, or 

(0) s 
I 

-CH 2 ~S - ; 

Y 2 Is -CH r , 

(O)s 
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or 0 ; 

Y 3 is -CH 2 - or 



10 



(O)s 

-s — 



Y 4 is -CH 2 -, -(CH^r, -(CH 2 ) 3 -, -0-, or -CH r O- ; 
Z is O or two hydrogens; 

R 12 is hydrogen, alkyl, substituted alkyl, aryl-(CH 2 ) ro -, substituted aryHCHj),,,-. heteroaryl-(CH 2 ) m - 



15 



20 O 

II 



- CH-C-C-R 15 

I - CH 2 = R 16 

R X4 . or 16 



0 

6 



25 



R 13 is hydrogen, lower alkyl, or substituted lower alkyl; 
R u is hydrogen, lower alkyl, cycloalkyi, or phenyl; 
R 15 is hydrogen, lower alkyl, lower alkoxy or phenyl; 
30 Rie is lower alkyl or aryl-(CH 2 ) m -; and 

R 17 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl-(CH 2 ) m -, aryl- 
(CH2) m , substituted aryl-(CH 2 ) m -, or heteroaryl -(CH^-. 

2. A compound of Claim 1 wherein: 
35 Ri is hydrogen, 



O 
II 

40 R 3 C 

or R 18 -S-; 

R 3 is lower alkyl of 1 to 4 carbons or phenyl; 
R 18 is lower alkyl of 1 to 4 carbons; 

n is zero or one; „,.<,* 
R 2 is aryt-CH 2 -, substituted aryl-CHr, heteroaryl-CHr, or straight or branched chain alkyl of 1 to 

7 carbons; and 

R 19 is hydrogen. 



45 



50 

3. A compound of Claim 2 wherein: 
is of formula III and 
q is one or two; 

R4 is hydrogen, methyl, or phenyl; 
Rs is hydrogen; 

5 r 6 and R 7 are both hydrogen or are both methyl, or R« is lower alkyl of 1 to 4 carbons, mono sub- 

stituted lower alkyl of 1 to 4 carbons, or alkenyl of 3 to 5 carbons having one double bond and R 7 is hy- 
drogen or R« and R 7 taken together with the carbon to which they are attached complete a cycloalkyi of 
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3 to 5 carbons; 

R 10 and are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero or one; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
5 Xi is of formula IV and 

r is one; 
s is zero; 

Re is hydrogen, phenyl, or lower alkyl of 1 to 4 carbons; 
R 9 is hydrogen; 

10 Rq and R 7 are both hydrogen or are both methyl or Re is lower alkyl of 1 to 4 carbons or phenyl 

and R 7 is hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
15 X 1 is of formula V and 

s is zero; 
t is one or two; 

Re and R 7 are both hydrogen or are both methyl or Re is lower alkyl of 1 to 4 carbons or phenyl 
and R 7 is hydrogen; 

20 R 10 and Rn are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 

b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
Xi is of formula VI and 
Y, is O f S, or CH 2 ; 

25 Re and R 7 are both hydrogen or Re is lower alkyl of 1 to 4 carbons and R 7 is hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
Xi is of formula VII and 
30 Y 4 is -CH 2 -; 

Re and R 7 are both hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
35 Xi is of formula VIII and 

Re and R 7 are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero, and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
40 Xi is of formula IX and 

v is one or two; 
w is one or two; 
Y 2 is S or CH 2 ; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; 
45 Xi is of formula X and 

Y 2 is CH 2 ; 
wis one or two; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 

X, is of formula XI and 
so v is one or two; 

Z is O or two hydrogens; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 

X, is offormulaXlland 

Z is O or two hydrogens; 
55 R 17 is lower alkyl of 1 to 4 carbons; 

R 10 and R„ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 

b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
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X, is of formula XIII and 
Y 3 is CH 2 or S; 
R 13 is hydrogen; 

R 10 and R 1t are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons 

A compound of Claim 3 wherein: 
is hydrogen; 
n is zero; 

R 2 is benzyl, (2-thienyl)methyl, or straight or branched chain alkyl of 1 to 5 carbons. 

A compound of Claim 4 wherein: 
X! is of formula III and 
q is two; 

R4 and R 5 are both hydrogen; 

Re and R 7 are both methyl or Re is propyl, allyl, or 2-hydroxyethyl and R 7 is hydrogen; 
b is zero; 

R 10 and R,t are both hydrogen or one is hydrogen and the other is methyl; and 

R 12 is hydrogen; or 

X, is of formula IV and 

r is one; 

b is zero; 

s is zero; 

Re is hydrogen or phenyl; 

Re and R 7 are both hydrogen or Re is phenyl and R 7 is hydrogen; and 
R9, R10. R11 and R 12 are all hydrogen; or 
Xi is of formula V 
s is zero; 
t is two; 

Re is phenyl and R 7 is hydrogen; 
b is zero; and 

R 10t Rn and R 12 are all hydrogen; or 
X, is of formula VI 
Y, is CH 2 ; 
b is zero; and 

Re» R7. R io. R n and R 12 are 3,1 hydrogen; or 

X, is of formula IX and 

v is two; 

w is one or two; 

Y 2 is S or CH 2 ; and 

R 12 is hydrogen; or 

X, is of formula XI and 

v is two; 

Z is two hydrogens; and 
R 12 is hydrogen. 

A compound of Claim 1 which is: 

[S-(R^R*)]-2,3,4,5-tetrahydrch3-[(2-mercapto-1-oxohexyl)amino]2-oxo-1H-benzazepine-1-acetic 

acid; 

[S-^R*)]-2,3 ( 4,5-tetrahydrc~3-[(2-mera 
pine-1 -acetic acid; 

[S-(R*,R*)]-2,3,4 f 5-tetrahydrch3-[(2-m 
pine-1 -acetic acid; 

[1 S-[1 a ? 9a(R*)]]-c<rtahydrc-9-[P^ 
no[1 ,2-a][1 ,2]diazepine-1 -carboxylic acid; 

[1 S-[1 a,9a(R*)]]-CKrtahydro-9-[(2-mera 
no[1 ,2-a][1,2]diazepine-1 -carboxylic acid; 
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[1S-(1a,9a(R*)]]-octahydro-9-[(2-m^ 
no[1 ,2-a][1 ,2]diazepine-1-carboxylic acid; 

[4S-[4aJa(R*),10ap]Hecahydro-7-[(2-mera [1,2- 
a]azepine-4-carboxylic acid; 

[3R-[3a,6a(S*),9ap]]-octahydro-6-[(2^ 
a]azepine-3-carboxylic acid; 

[3S-[1(R*),3a(R*)jp]]-hexahydro-a-methyl-^ 
7-propyl-1 H-azepine-1-acetic acid; 

[6(S)]-hexahydrc-6-[(2-mercaptc-1 ^ 
1 -acetic acid; 

[3S-[3a(R*)J0]]-hexahydrc-3-^ 
azepine-1 -acetic acid; or 

[3S-t3a(R*)Jp]]-hexahydrc-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-oxo^ 
1H-azepine-1-acetic acid. 

A pharmaceutical composition comprising a pharmaceutical^ acceptable carrier and a compound of the 
formula 



0 
II 

R l— S — (CH 2 ) n — C C — Xl 

**/ \ 

or a pharmaceutically acceptable salt thereof wherein R,, R 2 , R 19 , n, and X, are as defined in any pre- 
ceding claim. 

A process for preparing a compound of the formula 

0 
D 

Rl S (CH 2 ) n — c — c — Xl 

wherein Ri,R 2 ,Ri9. X n and n are as defined in any one of Claims 1 to 6 which comprises 
a) when R y is hydrogen or 

0 

I 

R 3 — C — 

and R 19 is hydrogen, coupling an acylmercaptocarboxylic acid of the formula 



(XIV) 

R3— C — S — (CH 2 ) n — CH — C —OH 

I 

or an activated form of the acid of formula XIV with the intermediate of the formula 

(XV) H-X, 
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to give the product of the formula 



(XVT) 



10 



0 O 

H U 

R3 — C S (CH 2 ) n — CH— C— X l 

R 2 



15 



20 



wherein R 12 in the definition of X, is an easily removable ester protecting group followed by removal 
of the acyl group 



R3 — C 



and the R 12 ester protecting group; 

b) when R 2 and R 19 are both other than hydrogen and n is zero, coupling the substituted mercapto 
sidechain of the formula 



25 



(XVTI) 



30 



H3CO 




O 



0 

8 

•H 2 C-S-C — C — OH 
R19 R2 



35 



with the intermediate of formula XV to give the compound of the formula 



(XVTII) 

40 

H3CO — ( Cj >— H 2 C-S-C — C— X x 
45 R 19 R 2 



followed by treatemnt with a Strong acid to remove the methoxybenzyl protecting group; 
50 c) when R, is -S-R 18 and R 18 is alkyl, substituted alkyl, cycloalkyl-(CH 2 ) m -, aryl-(CH2) m -. substituted 

aryHCHJm-, or heteroaryl-tCHJm-, reacting the product of formula I wherein R t is hydrogen with a 

sulfonyl compound of the formula 

(XXI) H 3 C-S02-S-R 18 

in an aqueous alcohol solvent; and 
55 d) when R t is -S-R 18 and R 18 is 
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O 

n 



(CH^) n — C C 



oxidizing the product of formula I wherein R, is hydrogen with iodine. 
10 9. A process for preparing a compound of the formula 



15 



20 




N— C — (CH 2 ) b — COOR 12 
Rio R u 



25 



wherein q is one or two, R 12 is an easily removable ester protecting group, and R*. Rs.Re.b.RK, and Ru 
are as defined in any one of Claims 1 to 6 which comprises the following steps: 
a) coupling a N-phthalimido-a-amino acid of the formula 



30 



35 



40 



(XXIII) 




I 

*4 — C — CH 2 OH 
(CH 2 ) Q 

T 

N CH — COOH 



45 



50 



and an amino acid ester of the formula 



(XXIV) 



H 2 N— -pC (CH 2 ) — COOR 12 



R 10 R ll 



to give a peptidyl compound of the formula 



55 
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(XXV) 




b) oxidizing the compound of formula XXV to give an aldehyde of the formula 



(XXVI) 




c) cyclizing the aldehyde of formula XXVI by treatment with a non-aqueous acid to give a compound 
of the formula 



(XXVII) 




d) a desired product wherein R6 is hydrogen is obtained by treating the compound of formula XXVII 
with a silyi hydride and a Lewis acid catalyst followed by esterification of the carboxyf group and sub- 
sequent treatment with hydrazine hydrate to remove the N-phthaloyl protecting group; 
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10 



a desired product wherein R$ is alkenyl or substituted alkenyl is obtained by treating the com- 
pound of formula XXVII with an alkenyl or substituted alkenyl silane in the presence of a Lewis acid 
catalyst followed by esterification of the carboxyl group and subsequent treatment with hydrazine hy- 
drate to remove the N-phthaloyi protecting group; 

a desired product wherein is alky! or substituted alkyl is obtained by hydrogenation of the 
corresponding intermediate wherein R« is alkenyl or substituted alkenyl; or 

a desired product wherein Re is other than hydrogen, alkenyl, or substituted alkenyl is obtained 
by treating the compound of formula XXVII with the corresponding R« containing aluminum or titanium 
compound in the presence of a Lewis acid catalyst followed by esterification of the carboxyl group and 
subsequent removal of the N-phthaloyl protecting group. 



10. A process for preparing a compound of the formula 



15 



20 



H 2 N 




(CH 2 ), 



COOR l2 



or 



25 



30 




(CH 2 ), 



35 



wherein w is one or two and R 12 is an easily removable ester protecting group which comprises the fol- 
lowing steps: 

a) coupling a N-phthalimido a-amino acid of the formula 



40 



(XXVIII) 



CH = CH 2 



45 



50 




with an a-amino acid ester of the formula 



55 
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15 



20 



25 



30 



35 



40 



45 



(XXIX) 

:h 2 -oh 



ICH:)w 
\ 

H 2N CH COOR l2 



to give an alcohol of the formula 
(XXX) 



CBg»0M 




b) oxidizing the alcohol of formula XXX to the corresponding aldehyde which is then treated with a 
non-aqueous acid to give a compound of the formula 

(XXXI) 

CH=CH 2 




50 



c) cyclization of the compound of formula XXXI by treatment with trifluoromethanesulfonic acid fol- 
lowed by reesterif ication and treatment with sodium iodide to give a mixture of compounds of the for- 
55 mulas 
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(XXXII) 




and 

(XXXIII) 




and 

d) treatment of the compound of formula XXXIII with hydrazine hydrate to remove the N-phthaloyl pro- 
tecting group and give a compound of the formula 




COOR 12 



and/or 

e) treatment of the compound of formula XXXII with t ris(t ri m et hylsi ly l)si lane or tri-n-butyitin hydride 
in the presence of a catalytic amount of azobisisobutyronitrile to remove the iodo group followed by 
treatment with hydrazine hydrate to remove the N-phthaloyl group and give a compound of the formula 
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5 



h 2 ; 




(CH 2 ) W 



10 



11. A compound of any one of Claims 1 to 6 for use as an active pharmaceutical substance. 

12. Use of a compound of any one of Claims 1 to 6 for the preparation of a medicament for inhibiting the an- 
giotensin converting enzyme and neutral endopeptidase. 



20 



25 



30 



35 



40 



45' 



50 
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Description 

This invention is directed to novel compounds possessing both angiotensin converting enzyme inhibitory activity 
and neutral endopeptidase inhibitory activity and methods of preparing such compounds. This invention is also directed 
to pharmaceutical compositions containing such dual inhibiting compounds or pharmaceutically acceptable salts there- 
of and the method of using such compositions. 

European Patent Application EP-A-481,522 discloses compounds having similar activities but having a different 
ring system to the compounds of the invention, namely a pyrido-, pyrollo-, thiazino- or oxazino-benzazepine ring system. 
WO-A-93/23403 (published after the filing date of the present application c.f. EPC Art. 54(3)) also discusses compounds 
with the same activities where, in the formula given for the compounds of the invention below, X A is of formula XI, n is 
zero, is hydrogen or R 3 CO-, R 19 is hydrogen, and R 2 is hydrogen, alkyl, aryl-(CH 2 ) m - or substituted aryl- (CH 2 ) m - 
(disregarding stereospecifity). These compounds are excluded from protection in this application. 

The dual inhibitory compounds of this invention are those of the formula 

(i) 



o 
i 

R,— S— (CHJ,,— C— C X, 

R, 9 R 2 



and pharmaceutically acceptable salts thereof, wherein: 
R, is hydrogen, 



0 

n 

R 3 — C — , or R llt -S- ; 



R 2 and R 19 are independently selected from hydrogen, alkyl, cycloalkyl - (CH 2 ) m -, substituted alkyl, aryl- aryl- 
(CH 2 ) m -, substituted aryl-(CH 2 ) m -, and heteroaryl-(CH 2 ) m - ; 

n is zero or one provided that n must be zero when R 2 and R 19 are both other than hydrogen; 
m is zero or an integer from 1 to 6; 

R 3 is alkyl, substituted alkyl, cycloalkyl-(CH 2 ) m -, aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m -, or heteroaryl-(CH 2 ) m - ; 
R 18 is alkyl, substituted alkyl, cycloalkyl-(CH 2 ) m -,aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m -, heteroaryl-(CH 2 ) m -or -S- 
R 18 completes a symmetrical disulfide wherein R, 8 is of the formula 



(ID 



O 
II 

— (CH 2 ) n — C C — Xj 



X, is of the formula 
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75 



20 



25 



(IV) 



l0) * Ra 

(CH 2 ) r J\ 

/ R 7 



• N 
I 

H 



.N 



X 

Rio 



0 
II 

-(CH 2 ) b — C-OR 12 



30 



(V) 



35 



40 



(0), 



.N — .C-(CHj) b -C- 



ORi 2 



U 

0 



Rio 




3 
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(VII) 



(VIII) 



(IX) 



(X) 




H 0 COOR 12 
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(XI) 



(XII) 



or 

(XIII) 




R 4 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, hydroxy, cycloalkyl -(CH 2 ) m -, aryl -(CH 2 ) m -, 
substituted aryl -(CH 2 ) m -, or heteroaryl -(CH 2 ) m -; 

R 5 is hydrogen, alkyl, substituted alkyl, alkenyl, cycloalkyl-{CH 2 ) m -, aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m - hydroxy, 
or R 4 and R 5 taken together with the carbon to which they are attached complete a saturated cycloalkyl ring of 3 
to 7 carbons or R4 and R 5 together with the carbon to which they are attached complete a keto substituent, i.e., 
)C=0; 

R 6 , R e and R 10 are independently selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
cycloalkyl -{CH 2 ) m -> aryi-(CH 2 ) m -, substituted aryl-(CH 2 ) m -, and heteroaryl- (CH 2 ) m -; 

R 7 , R 9 and R n are independently selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, 

cycloalkyl -(CH 2 ) m -, aryl-(CH 2 ) m , and substituted aryl -(CH 2 ) m -, or R 6 and R 7 taken together with the carbon to 

which they are attached complete a saturated cycloalkyl ring of 3 to 7 carbons or Rg and R 9 taken together with 

the carbon to which they are attached complete a saturated cycloalkyl ring of 3 to 7 carbons; 

b is zero or one; 

q is an integer from 1 to 4; 

r is one or two; 

s is zero, one or two; 

t is one, two, or three; 
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v is one or two; 
w is one or two; 
Y-, is 

(0) s 
I 

-CH2-, -(CH2)2-, -(CH2)3". -0-. — S - . 



(0) s 
I 

-CH2-0-, or "CH 2 -S - 

Y 2 is 



-CH2-, 



, or O ; 



Y 9 is 



-CH2- or 



Y 4 is -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -, -O-, or -CH 2 -0- ; 
Z is O or two hydrogens; 

R 12 is hydrogen, alkyl, substituted alkyl, aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m -, heteroaryl-(CH 2 ) m - 



0 

0 

CH-0-C-R15 

I 

R 14 



O 

A 



or 



O O 
CH 2 ■ — Ri6 



R 13 is hydrogen, lower alkyl, or substituted lower alkyl; 
R 14 is hydrogen, lower alkyl, cycloalkyl, or phenyl; 
R 15 is hydrogen, lower alkyl, lower alkoxy or phenyl; 
R 16 is lower alkyl or ary!-(CH 2 ) m -; and 

R 17 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl-(CH 2 ) m - t aryl-(CH 2 ) m -, substituted 
aryl-(CH 2 ) m -, or heteroaryl-(CH 2 ) m -. 

The term "alkyl" refers to straight or branched chain radicals having up to seven carbon atoms. The term "lower 
alkyl" refers to straight or branched radicals having up to four carbon atoms and is a preferred subgrouping for the 
term alkyl. 
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The term "substituted alky!" refers to such straight or branched chain radicals of 1 to 7 carbons wherein one or 
more, preferably one, two, or three, hydrogens have been replaced by a hydroxy, amino, halo, trifluoromethyl, cyano, 
-NH(lower alkyl), -N(Iower alkyl) 2 , lower alkoxy, lower alkylthio or carboxy. 

The term "substituted lower alkyl" refers to such straight or branched chain radicals of 1 to 4 carbons wherein one 
hydrogen has been replaced by a hydroxy, amino, halo, trifluoromethyl, cyano, -NH(lower alkyl), -N(lower alkyl) 2 , lower 
alkoxy, lower alkylthio, or carboxy. 

The term "alkenyl 0 refers to straight or branched chain radicals of 3 to 7 carbon atoms having one or two double 
bonds. Preferred "alkenyl" groups are straight chain radicals of 3 to 5 carbons having one double bond. 

The term "substituted alkenyl" refers to such straight or branched radicals of 3 to 7 carbons having one or two 
double bonds wherein a hydrogen has been replaced by a hydroxy, amino, halo, trifluoromethyl, cyano, -NH(lower 
alkyl), -N(lower alkyl) 2 , lower alkoxy, lower alkylthio, or carboxy. 

The terms "lower alkoxy" and "lower alkylthio" refer to such lower alkyl groups as defined above attached to an 
oxygen or sulfur. 

The term "cycloalkyl" refers to saturated rings of 3 to 7 carbon atoms. 
The term "halo" refers to chloro, bromo, fluoro, and iodo. 

The term "aryl" refers to phenyl, 1 -naphthyl, and 2-naphthyl. The term "substituted aryl" refers to phenyl, 1 -naphthyl, 
and 2-naphthyl having a substituent selected from lower alkyl, lower alkoxy, lower alkylthio, halo, hydroxy, trifluorome- 
thyl, amino, -NH(lower alkyl), and -N(lower alkyl) 2 , and di- and tri-substituted phenyl, 1 -naphthyl, and 2-naphthyl where- 
in said substituents are selected from methyl, methoxy, methylthio, halo, hydroxy, and amino. 

The term "heteroaryl" refers to unsaturated rings of 5 or 6 atoms containing one or two O and S atoms and/or one 
to four N atoms provided that the total number of hetero atoms in the ring is 4 or Jess. The heteroaryl ring is attached 
by way of an available carbon or nitrogen atom. Preferred heteroaryl groups include 2-, 3-, or 4-pyridyl, 4-imidazolyl, 
4-thiazolyl, 2- and 3-thienyl, and 2- and 3-furyl. The term heteroaryl also includes bicyclic rings wherein the five or six 
membered ring containing O, S, and N atoms as defined above is fused to a benzene or pyridyl ring. Preferred bicyclic 
rings are 2- and 3-indolyl and 4- and 5-quinolinyl. The mono or bicyclic heteroaryl ring can also be additionally substi- 
tuted at an available carbon atom by a lower alkyl, halo, hydroxy, benzyl, or cyclohexylmethyl. Also, if the mono or 
bicyclic ring has an available N-atom such N atom can also be substituted by an N-protecting group such as 





2,4-dinitrophenyl, lower alkyl, benzyl, or benzhydryl. 

The compounds of this invention wherein R n is hydrogen or 



*3 




and R 19 is hydrogen can be prepared by coupling the acylmercapto containing sidechain of the formula 



(XIV) 




R 2 



with the intermediates of the formula 



(XV) H-X 1 
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to give the product of the formula 



(XVI) 



R 3 C S 



0 

B 

(CH 2 ) n — CH— C — X x 
I 

R 2 



wherein R 12 in the definition of is preferably an easily removable ester protecting group such as methyl, ethyl, or 
benzyl. The above reaction can be performed in an organic solvent such as dimethyl-formamide and in the presence 
of a coupling reagent such as benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate, 1 -ethyl-3- 
(a-dimethylaminopropyOcarbodiimide, dicyclohexylcarbodiimide, or carbonyldiimidazole. Alternatively, the acylmer- 
capto carboxylic acid of formula XIV can be converted to an activated form prior to coupling such as an acid chloride, 
mixed anhydride, symmetrical anhydride, activated ester, etc. 

The product of formula XVI can be converted to the mercaptan product of formula I wherein Ft, is hydrogen and 
R 12 is hydrogen by methods known in the art. For example when R 3 is methyl and R 12 is methyl or ethyl treatment with 
methanolic sodium hydroxide yields the product wherein R^, and R 12 are hydrogen and when R 3 is methyl and R 12 is 
t-butyl treatment with trifluoroacetic acid followed by ammonia yields the product wherein F^ and R 12 are hydrogen. 

The compounds of this invention wherein both R 2 and R 19 are other than hydrogen and n is zero can be prepared 
by coupling the substituted mercapto containing sidechain of the formula 



(XVII) 



H 3 CO— ( O /— H 2 C-S-C — C OH 

\ / /\ 

Rl9 R 2 

with the intermediate of formula XV as described above to give the compound of the formula 



(XVIII) 




R 19 R 2 

Treatment of the compound of formula XVIII with strong acid such as trifluoromethanesulfonic acid removes the meth- 
oxybenzyl protecting group and gives the corresponding product of formula I wherein is hydrogen. 

The substituted mercapto containing compounds of formula XVII can be prepared by reacting the disubstituted 
carboxylic acid of the formula 
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(XIX) 



0 

II 

HC— C OH 

/ \ 

R X 9 1*2 



with bis[[(4-methoxy)phenyl]methyl]disulfide In the presence of lithium diisopropylamide. 

The products of formula I wherein X-, contains a sulfoxide or sulfone can be prepared by employing the intermediate 
of XV as the mercaptan, i.e., s is zero, during the coupling reaction. The resulting product of formulas XVI or XVIII is 
then oxidized with a known oxidizing reagent such as meta chloro perbenzoic acid, peracetic acid, or monoperoxyph- 
thalic acid, magnesium salt hexahydrate, etc. By controlling the amount of oxidizing reagent and the time of the reaction, 
the products are obtained wherein s is one or two. 

The products of formula I wherein R, is hydrogen can be acylated with an acyl halide or anhydride of the formula 

(XX) 



0 

II 

R 3 — C— halo 




wherein halo is CI or Br to give other products of formula I wherein R 1 is 



R 3 -C- 

The products of formula I wherein is -S-R 18 and R 18 is alkyl, substituted alkyl, substituted cycloalkyl-(CH 2 )m-, 
aryHCI-y^-, substituted aryl-(CH 2 ) m - or heteroaryl-(CH 2 ) m - can be prepared by reacting the products of formula I 
wherein is hydrogen with a sulfonyl compound of the formula 

(XXI) H 3 C-S0 2 -S-R l8 

in an aqueous alcohol solvent to yield the desired products. The compounds of formula XXI are known in the literature 
or can be prepared by known methods, see for example, Smith et al., Biochemistry, U, p. 766 - 771 (1975). 

The symmetrical disulfide products of formula I can be prepared by direct oxidation of the product of formula I 
wherein Ft, is hydrogen with iodine as note, for example, Ondetti et al. U.S. Patent 4,105,776. 

The ester products of formula I wherein R 12 is 



9 



EP 0 599 444 B1 



10 



15 



A. 



o p 



o 

I 

— CH-0-C-R15 or \ I 

1 \ — / 

Ri4 "CH 2 1 Rifi 



can be prepared by treating the product ol formula I wherein R 12 is hydrogen with a compound of the formula 
(XXII) 



O 

A 



*> L-CH-0-C-R 15 or °. O 

*U L CH 2 * I R 16 

25 wherein L is a leaving group such as chloro, bromo, or tolylsulfonyloxy. 

The acylmercaptoalkanoic acids of formula XIV are described in the literature. See, for example, Ondetti et al. U. 
S. Patents 4,105,776 and 4,339,600, Haslanger et al. U.S. Patent 4,801 ,609, etc. 

The intermediates of formula XV are also described in the literature or are obtained by modifications of known 
procedures. For example, the intermediates of formula XV wherein X, is as defined in formula III are disclosed by 

30 Thorsett et al., J. Med. Chem., 29, p. 251 - 260 (1988), Harris et al. in U.S. Patents 4,587,050, 4,587,238, 4,629,787 
and Yanagisawa et al. in U.S. Patent 4,734,410. The intermediates of formula XV wherein X, is as defined in formula 
IV are disclosed by Yanagisawa et al., J., Med. Chem., 30, p. 1984 - 1991 (1987) and 31, p. 422 - 428 (19B8), Kara- 
newsky in U.S. Patent 4,460,579, Cheung et al. in U.S. Patent 4,594,341, and Yanagisawa et al. in U.S. Patent 
4,699,905. The intermediates of formula XV wherein X 1 is as defined in formula V are disclosed by Karanewsky in U. 

35 s. Patents 4,460,579 and 4,711 ,884. The intermediates of formula XV wherein X, is as defined in formula VI and 
is -CH 2 -, -(CH 2 ) 2 - of -(CH 2 ) 3 - are disclosed by Watthey et al., J. Med. Chem., 28, p. 1511 - 1516 (1985) and Watthey 
in U.S. Patents 4,410,520, 4,470,988, 4,473,575, 4,537,885 and 4,575,503 and also by Parsons et al., Biochemical & 
Biophysical Research Comm., 117, p. 108 - 113 (1983) and in U.S. Patent 4,873,235. The intermediates of formula 
XV wherein X, is as defined in formula VI and Y A is S or O are disclosed by Slade et al., J. Med. Chem., 28, p. 1517 

40 - 1521 (1985) and in U.S. Patent 4,477,464 and Itoh et al., Chem. Pharm. Bull., 34, p. 1128 - 1147 (1986) and 34, p. 
2078 - 2089 (1986) as well as Sugihara et al. in U.S. Patent 4,548,932 (Y is O) and Katakami et al. in U.S. Patent 
4,539,1 50 (Y is S). The intermediates of formula XV wherein X is as defined in formula VII can be prepared by reduction 
of the corresponding intermediates wherein X, is as defined in formula VI. The intermediates of formula XV wherein 
X-, is as defined in formula VIII are disclosed by Flynn et al. in U.S. Patent 4,973,585. The intermediates of formula 

45 XV wherein X is as defined in formula IX and Y 2 is S, -SO, or -S0 2 are disclosed by Harris et al. and Patchett et al. in 
U.S. Patents 4,415,496 and 4,617,301, The intermediates for formula XV wherein X, is as defined in formula IX and 
Y 2 is CH 2 is disclosed by Thorsett, Actual. Chim. Ther., J3, p. 257 - 268 (1986). The intermediates of formula XV 
wherein X^ is as defined in formula XI are disclosed by Attwood et at., Federation of European Biochemical Studies, 
165 , p. 201 - 206 (1 984) and in U.S. Patent 4,512,994 and Natoff et al., Drugs Of The Future,^, p. 475 - 483 (1987). 

50 The intermediates of formula XV wherein X, is as defined in formula XII are disclosed by Huang et al. in U.S. Patent 
4,465,679. The intermediates of formula XV wherein X, is as defined in formula XIII are disclosed by Bolos et al. in 
Tetrahedron, 48, p. 9567 - 9576 (1 992). 

The intermediates of formula XV wherein X, is as defined in formula III and q is one or two and Rj is hydrogen 
can be prepared according to the following process which is also part of this invention. 

55 The N-phthalimido cc-amino acid of the formula 
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(XXIII) 




R 4 — C — CH 2 OH 
^ (CHj), 



T 



N CH — COOH 



and the amino acid ester of the formula 



(XXIV) 



H 2 N—-^C- (CH 2 ) b COOR 12 

R 10 * 



1i 



wherein R 12 is an easily removable ester protecting group such as methyl, ethyl, or benzyl are coupled to give the 
peptidyl compound of the formula 



(XXV) 




R 4 — C — CH 2 OH 
(CH 2 ) a 

f 

N CH C — NH-^ C— ( CH 2 ) b ~ COOR 12 

Rio Rn 



T 



This coupling reaction is preferably carried out in the presence of a coupling reagent such as benzotriazol-1 -yloxytris 
(dimethylamino)phosphonium hexafluorophosphate or ethyl-3-(3-dimethylamino)propyl carbodiimide. 

The compound of formula XXV is oxidized such as by treatment with oxalyl chloride and dimethylsuffoxide or tetra- 
n-propyl ammonium perruthenate and N-methylmorpholine N-oxide to give the compound of the formula 



11 
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(XXVI) 




The compound of formula XXVI is cyclized by treatment with a non-aqueous acid such as trifluoroacetic acid, 
trifluoromethanesulfonic, hydrochloric acid, etc., to give the compound of the formula 

20 



(XXVII) 




35 

The intermediate of formula XV wherein X-, is as defined in formula III and q is one or two and R 6 and R 7 are both 
hydrogen can be prepared by treating the compound of formula XXVI with a silyl hydride such as triethylsilane, diphe- 
nylmethylsilane, phenylmethylsilane, etc., and a Lewis acid catalyst such as stannic chloride, titanium tetrachloride, 
stannic bromide, boron trifluoride etherate, etc., followed by esterification of the carboxyl group and subsequent treat- 

40 ment with hydrazine hydrate to remove the N-phthaloyl protecting group. 

The intermediate of formula XV wherein X 1 is as defined in formmula III and q is one or two, R 7 is hydrogen, and 
R 6 is other than hydrogen can be prepared from the compound of formula XXIV. For example, when R 6 is alkenyl or 
substituted alkenyl of 3 to 7 carbons, treatment of compound XXIV with an alkenyl or substituted alkenyl silane in the 
presence of a Lewis acid catalyst as exemplified above followed by esterification of the carboxyl group and subsequent 

45 removal of the N-phthaloyl protecting group as described above gives the desired intermediate. The alkenyl moiety 
may be hydrogenated to give the desired intermediate wherein Rg is alkyl or substituted alkyl of 3 to 7 carbons. When 
R 6 is other than alkenyl or substituted alkenyl, treatment of compound XXVII with the corresponding Rg containing 
aluminum or titanium compound in the presence of a Lewis acid catalyst followed by esterification of the carboxyl group 
and subsequent removal of the N-phthaloyl protecting group gives the desired intermediate. 

50 The intermediates of formula XV wherein X 1 is as defined in formula IX or X, Y 2 is -CH 2 - and v is two can be 

prepared according to the following process which is also part of this invention. 
The N-phthalimido a-amino acid of the formula 



55 
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(XXVIII) 




is coupled with the a-amino acid ester ot the formula 
(XXIX) 



CH 2 -OH 



(CH 2 ) 



V 



H 2 N CH COOR12 

in the presence of a coupling catalyst as described above to give the alcohol of the formula 



(XXX) 




CH 2 -OH 



(CH 2 )w 

- CH COOR12 



The alcohol of formula XXX is oxidized such as by treatment with oxalyl chloride to give the corresponding aldehyde 
which is then treated with an acid such as trifluoroacetic acid or hydrochloric acid to give the carboxylic acid ester of 
the formula 
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(XXXI) 



0 

Cyclization of the compound of formula XXXI with a strong acid such as trifluoromethanesulfonic acid followed by 
reesterification by conventional means and treatment with sodium iodide gives a mixture of the compounds of the 
formulas 



(XXXII) 




and 

(XXXIII) 




Removal of the N-phthaloyl protecting group from the intermediate of formula XXXIII as described above gives the 
desired compound of formula XV wherein X, is as defined in formula X and Y 2 is -CH 2 -. 

Treatment of the intermediate of formula XXXII with tris(trimethylsilyl) silane or tri-n-butyltin hydride in the presence 
of a catalytic amount of azobisisobutyronitrile removes the iodo group. The N-phthaloyl group is subsequently removed 
as described above to give the desired compound of formula XV wherein X^ is as defined in formula IX, v is two, and 
Y 2 is -CH 2 -. Similar procedure can be employed to give the corresponding compound of formula XV wherein X^ is as 
defined in formula IX, v is one, and Y 2 is -CH 2 -. 

Other procedures for preparing the intermediates of formula XV appear in the examples. 

The compounds of formula I contain one or more asymmetric centers. Thus, these compounds can exist in dias- 



CH=CH 2 



CH 2 

F /=\ 

CH- C— N v £ H 2>< 

" Y 

cooRu 
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tereoisomeric forms or in mixtures thereof and all of such forms are within the scope of this invention. The above 
described processes can utilize racemates, enantiomers, or diastereomers as starting materials. When diastereomeric 
compounds are prepared, they can be separated by conventional chromatographic or fractional crystallization methods. 
The compounds of formula I wherein R 12 is hydrogen can be isolated in the form of a pharmaceutical^ acceptable 

5 salt. Suitable salts for this purpose are alkali metal salts such as sodium and potassium, alkaline earth metal salts such 
as calcium and magnesium, and salts derived from amino acids such as arginine, lysine, etc. These salts are obtained 
by reacting the acid form of the compound with an equivalent of base supplying the desired ion in a medium in which 
the salt precipitates or in aqueous medium and then lyophilizing. 

The compounds of formula I are dual inhibitors possessing the ability to inhibit both the angiotensin converting 

io enzyme and neutral endopeptidase. Thus, the compounds of formula I including their pharmaceutical^ acceptable 
salts are useful in the treatment of physiological conditions in which either angiotensin converting enzyme inhibitors 
or neutral endopeptidase inhibitors have been shown to be useful. Such conditions include cardiovascular diseases, 
particularly, hypertension, congestive heart failure, renal failure, and hepatic cirrhosis, as well as analgesic activity. 
Diuresis, natriuresis, and blood pressure reduction are produced in a mammalian host such as man by the adminis- 

15 tration of from about 1 mg. to about 100 mg. per kg. of body weight per day, preferably from about 1 mg. to about 50 
mg. per kg. of body weight per day, of one or more of the dual inhibitors of formula I or a pharmaceutically acceptable 
salt thereof. The dual inhibitors of formula I are preferbly administered orally, but parenteral routes such as subcuta- 
neous, intramuscular, and intravenous can also be employed. The daily dose can be administered singly or can be 
divided into two to four doses administered throughout the day. 

20 The dual inhibitors of formula I can be administered in combination with human ANF 99 - 126. Such combination 

would contain the inhibitor of formula I at from about 1 to about 100 mg. per kg. of body weight and the human ANF 
99 - 1 26 at from about 0.001 to about 0. 1 mg. per kg. of body weight. 

The dual inhibitors of formula I can be administered in combination with other classes of pharmaceutically active 
compounds. For example, a calcium channel blocker, a potassium channel activator, a cholesterol reducing agent, etc. 

25 The dual inhibitors of formula I or a pharmaceutically acceptable salt thereof and other pharmaceutically acceptable 

ingredients can be formulated for the above described pharmacetical uses. Suitable compositions for oral administra- 
tion include tablets, capsules, and elixirs, and suitable compositions for parenteral administration include sterile solu- 
tions and suspensions. About 1 0 to 500 mg. of active ingredient is compounded with physiologically acceptable vehicle, 
carrier, excipient, binder, preservative, stabilizer, flavoring, etc., in a unit dose form as called for by accepted pharma- 

30 ceutical practice. 

Preferred compounds of this invention with respect to the mercapto containing sidechain portion of formula I, i.e. 



35 



40 



45 



0 

II 

Ri S (CH 2 ) n — C C- 

y \ 

R 19 R 2 



include those wherein: 
R 1 is hydrogen, 



O 

R— J — 

50 or R 18 -S-, 

R 3 is lower alkyl of 1 to 4 carbons or phenyl, 
R 18 is lower alkyl of 1 to 4 carbons, 
n is zero or one, 

R 2 is aryl-CHg-, substituted aryl-CH 2 -, heteroaryl-CH 2 -, or straight or branched chain alkyl of 1 to 7 carbons, and 
55 R 19 is hydrogen. 

Most preferred are the above mercapto containing sidechains wherein: 
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R, is hydrogen or 



t 



H 3 C C 



especially hydrogen; 
10 n is zero; and 

R 2 is benzyl, (2-thienyl)methyl, or straight or branched chain alkyl of 1 to 5 carbons, especially benzyl. 

Preferred compounds of this invention with respect to X^ include those of formula 111 wherein: 

15 q is one or two; 

R 4 is hydrogen, methyl, or phenyl; 
R 5 is hydrogen; 

R 6 and R 7 are both hydrogen or are both methyl, or Rg is lower alkyl of 1 to 4 carbons, mono substituted lower 
alkyl of 1 to 4 carbons, or alkenyl of 3 to 5 carbons having one double bond and R 7 is hydrogen or R 6 and R 7 taken 
20 together with the carbon to which they are attached complete a cycloalkyl of 3 to 5 carbons; 

R 10 and R n are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero or one; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
25 Most preferred are the above compounds of formula III wherein: 

q is two; 

R 4 and R 5 are both hydrogen; 

R 6 and R 7 are both methyl or R 6 is propyl, altyl, or 2-hydroxyethyl and is hydrogen; 
30 b is zero; 

R 10 and R n are both hydrogen or one is hydrogen and the other is methyl; and 
R 12 is hydrogen. 

Preferred compounds of this invention with respect to X^ include those of formula IV wherein: 

35 

r is one; 
s is zero; 

R 8 is hydrogen, phenyl, or lower alkyl of 1 to 4 carbons; 
R 9 is hydrogen; 

40 R 6 and R 7 are both hydrogen or are both methyl or is lower alkyl of 1 to 4 carbons or phenyl and R 7 is hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
<5 Most preferred are the above compounds of formula IV wherein: 

R 8 is hydrogen or phenyl; 

R 6 and R 7 are both hydrogen or R 6 is phenyl and R 7 is hydrogen; 
R 10 , R^ and R 12 are all hydrogen. 

so 

Preferred compounds of this invention with respect to X^ include those of formula V wherein: 

s is zero; 

t is one or two; 

55 Rg and R 7 are both hydrogen or are both methyl or Rg is lower alkyl of 1 to 4 carbons or phenyl and is hydrogen; 

R 10 and R n are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
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Most preferred are the above compounds of formula V wherein: 
t is two; 

R 6 is phenyl and R 7 is hydrogen; and 
5 R io- R iv and R i2 are al ' hydrogen. 

Preferred compounds of this invention with respect to X A include those of formula VI wherein: 
Y 1 is O, S, or CH 2 ; 

io R 6 and R 7 are both hydrogen or R 6 is lower alkyl of 1 to 4 carbons and R 7 is hydrogen; 

R 10 and R u are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons. 
is Most preferred are those above compounds of formula VI wherein: 

is CH 2 ; 

R 6 and R 7 are both hydrogen; and 
Rio» R iv and R 12 are aH hydrogen. 

20 

Preferred compounds of this invention with respect to X n includes those of formula VII wherein: 
Y 4 is -CH 2 -; 

R 6 and R 7 are both hydrogen; 

25 R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons, especially where 

both are hydrogen; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

30 Preferred compounds of this invention with respect to X., include those of formula VIII wherein: 

R 6 and R 7 are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons, especially where 
both are hydrogen; 
35 b is zero, and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

Preferred compounds of this invention with respect to X-, include those of formula IX wherein: 

40 v is one or two, especially two; 

w is one or two; 
Y 2 is S or CH 2 ; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 
45 Preferred compounds of this invention with respect to X 1 include those of formula X wherein: 

Y 2 is CH 2 ; 

w is one or two, especially two; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

so 

Preferred compounds of this invention with respect to X, include those of formula XI wherein: 
v is one or two, especially two; 

Z is O or two hydrogens, especially two hydrogens; and 
55 R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

Preferred compounds of this invention with respect to X 1 include those of formula XII wherein: 
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Z is O or two hydrogens, especially O; 

R 17 is lower alky! of 1 to 4 carbons, especially methyl; 

R 10 and R n are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons, especially where 
both are hydrogen;; 
5 b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

Preferred compounds of this invention with respect to X 1 include those of formula XIII wherein: 

10 Y 3 is CH 2 or S, especially CH 2 ; 

R 13 is hydrogen; 

R 10 and R„ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons, especially where 
both are hydrogen; 
b is zero; and 

is R 12 is hydrogen or lower alkyl of 1 to 4 carbons, especially hydrogen. 

The following examples are illustrative of the invention. Temperatures are given in degrees centigrade. 
Example 1 

20 

f3RrS*)1-3.4-Dihydro-3-ff2-fmeroapto 
acid 

a) fSV2-f(Acetvlthio)methyllbenzenepropanoic acid, ephedrine salt 

25 

A solution of (1R,2S)-(-)-ephedrine (17.3 g., 105 mmol.) in diethyl ether (175 ml.) was added in one portion to a 
solution of 2-[(acetylthio)-methyl]benzenepropanoic acid (50.0 g., 210 mmol.) in diethyl ether (175 ml.). After standing 
at room temperature for 16 hours, the crystallized ephedrine salt was collected by filtration (19.7 g); m.p. 114 - 125°; 
[<x] D = -40.6° (c = 1, methanol). An additional amount of solid [8.9 g., m.p. 121 - 126°; [a] D = -47.2°, (c = 1 , methanol)] 

30 separated from the filtrate after remaining at room temperature for 20 hours. The solids were combined and recrystal- 
lized from acetonitrile (1500 ml.). After 16 hours at room temperature, 20.B g. of solid was collected; m.p. 125 -1 30°C; 
[<x] D = -47.5° (c = 1 , methanol). This material was recrystallized in the same manner from acetonitrile (300 ml.) to give 
18.74 g., m.p. 128 - 130°C; [<x] D = -48.9° (c = 1, methanol). A third recrystallization from acetonitrile (225 ml.) afforded 
17.4 g. of solid (S)-2-[(acetylthio)methyl]benzenepropionic acid, ephedrine salt; m.p. 128 - 129°; [<x] D = 150.1° (c = 1, 

35 methanol). 



40 



Anal, calc'd. for C 12 H 14 0 3 S • C 


10 Hi 5 NO: 






C.65.48; 


H.7.24; 


N.3.47; 


S.7.95 


Found: 


C.65.46; 


H.7.34; 


N.3.21; 


S.8.00. 



b) r3R(S*^3.4-Dihvdro-3-[f2-f(acetvnhio)m^ 
acetic acid, ethyl ester 

45 (S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephedrine salt (3.34 mmoles, 1 .01 eq.) was suspended in ethyl 

acetate (65 ml.), washed with dilute HCI (65 ml. water + 4.7 ml. 1 .0 N hydrochloric acid then 31 ml. water +1 .6 ml. 1 .0 
N hydrochloric acid), brine (10 ml.), dried (anhydrous magnesium sulfate), filtered and evaporated to dryness. The 
colorless syrup was dried jn vacuo for 1 .0 hour to afford a quantitative amount of the free acid (836 mg.). 

The free acid was dissolved in dry dimethylformamide (19 ml.), cooled down to 0° (ice-salt bath), treated with 

so 1-hydroxybenztriazole hydrate (470 mg., 3.48 mmoles) and 1 -ethyl-3-(3-dimethylaminopropyl) carbodiimide (690 mg., 
3.60 mmoles) and stirred at 0° under argon for 1 .0 hour. The clear solution was treated with (R)-3,4-dihydro-3-amino- 
4-oxo-l ,5-benzothiazepine-5 (2H)-acetic acid, ethyl ester [prepared according to the procedure of Slade et al., J. Med. 
Chem. 28, p 1517 - 1521 (1985)] (1.2 g., 3.32 mmoles) and 4-methylmorpholine (0.37 ml., 3.32 mmoles) and stirring 
was continued at 0° for 1.0 hour and at room temperature for 1.0 hour. The reaction mixture was diluted with ethyl 

ss acetate (80 ml.), washed successively with water (12 ml.), 5% potassium bisutfate (12 ml.), water (12 ml.), saturated 
sodium bicarbonate (12 ml.) and brine (12 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness 
and dried in vacuo The crude product was chromatographed on a silica gel column (Merck), eluting the column with 
ethyl acetate:hexanes (1:4) to give 1.5 g. of the product as a syrup; R f = 0.68 (ethyl acetate:hexanes, 1:1). 
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10 



15 



20 



c\ [3R(Sni-3,4-Dihydro-3-rf2-(mercapto^ 
acetic acid 

A solution of the ethyl ester product from part (a) (1 .5 g., 2.996 mmoles) in dry methanol (15 ml.) was purged with 
argon for 15 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged (argon, 30 
minutes) solution of 1.0 N sodium hydroxide (12 mi., 4 eq.) maintaining the bubbling of argon throughout the addition 
and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, acidified at 0° with 5% potassium 
bisulfate (50 ml.) to pH 1 .0 then extracted with ethyl acetate (2 x 100 ml.). The organic extract was washed with brine 
(25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was 
dissolved in a mixture of methylene chloride (10 ml.) and ethyl ether (5.0 ml.) then treated portionwise with hexane 
(30 ml.), scratching the mixture to form a solid. The precipitates were filtered off, washed with hexane (50 ml.) and 
evaporated from pentane (4 x 50 ml.). The solid was then stirred with pentane (50 ml.) for 48 hours at room temperature 
under argon, filtered and dried in vacuo for 6 hours to give 1 .01 g. of the product as an amorphous solid; R, - 0.62 
(methylene ch bride: methanol:acetic acid, 20:1:1); [a] D = -171.4° (c = 0.74, methanol). 

1H NMR (CDCI 3 ): 2.47-2.90 (m, 6H), 3.84 (dd, 1H), 4.13 (d, 1H, J = 17 Hz), 4.71 (m, 1H), 4.85 (d, 1H, J = 17 Hz), 6.88 
- 7.67 (m, 9H). 



Anal, calc'd. for C 21 Hgg^C^Sg: 





C58.59; 


H.5.15; 


N.6.51; 


S, 14.89; 


SH.7.68 


Found: 


C.58.55; 


H.5.35; 


N.6.20; 


S, 14.56; 


SH.7.54. 



25 



30 



35 



40 



45 



SO 
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EXAMPLE 2 

IR-(R*,S*)1-3,4-Dihvdro-3-f(2-mercapto-1-oxo-3-phenyl-propvnamino1-4-oxo-1,5-benzothiazepine-5(2H)-acetic acid 
a) (S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt 

Sodium nitrite (1 0.3 g., 280 mmol.) was added to a solution of D-phenylalanine (30.0 g., 181 mmol.) and potassium 
bromide (73.5 g.) in sulfuric acid (2.5 N, 365 ml.) over a period of one hour while maintaining the temperature of the 
reaction mixture at 0°C. The mixture was stirred for an additional hour at 0°C and then for one hour at room temperature. 
The reaction solution was extracted with ether, the ether was back extracted with water, and the ether layer was dried 
over sodium sulfate. Ether was removed in vacuo , and distillation of the oily residue afforded 25.7 g. of (R)-2-bromo- 
3-benzenepropanoic acid; b.p. 141 0 (0.55 mm of Hg.); [a] D = +14.5° (c = 2.4, chloroform). 

A mixture of thioacetic acid (7 ml., 97.9 mmol.) and potassium hydroxide (5.48 g., 97.9 mmol.) in acetonitrile (1 80.5 
ml.) was stirred under argon at room temperature for 1 3/4 hours. The mixture was cooled in an ice-bath, and a solution 
of (R)-2-bromo-3-benzenepropanoic acid (20.4 g., 89 mmol.) in acetonitrile (20 ml.) was added over a ten minute 
period. The reaction was stirred under argon at room temperature for 5 hours, filtered, and the acetonitrile was removed 
in vacuo . The oily residue was redissolved in ethyl acetate and washed with 10% potassium bisulfate and water. Re- 
moval of the ethyl acetate in vacuo afforded 1 9.6 g. of crude product. The crude product was purified via its dicyclohex- 
ylamine salt using isopropyl ether as solvent for crystallization. An analytical sample of (S)-2-(acetylthio)benzenepro- 
panoic acid, dicyclohexylamine salt was prepared by recrystallization from ethyl acetate; m.p. 146-147°; [a] D = -39.6° 
(c = 1.39, chloroform). 



Anal, calc'd. for C^H^C^S • C 


12 H 23 N: 






C.68.11; 


H.8.70; 


N.3.45; 


S.7.91 


Found: 


C67.93; 


H.8.71; 


N.3.37; 


S.7.94. 



b) fR-(R* t S*)l-3 l 4-Dihvdro-3-f(2-(acetvlthio)-1-oxo-3-phenvlpropyl1amino1-4-oxo-1,5-benzothiazepine-5(2H)-acetic 
acid, ethyl ester 

A suspension of (S)-2-(acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1 ,76 g., 4.34 mmoles, 1 .01 eq.) 
was suspended in ethyl acetate (123 ml.), washed with 5% potassium bisulfate (5 x 19 ml.) and brine (25 ml.), dried 
(anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . 

The free acid was dissolved in dry methylene chloride (25 ml.), cooled down to 0° (ice-salt bath), treated with 
1-hydroxybenztriazole hydrate (611 mg. , 4.52 mmoles) and 1-ethyl-3-(3-(dimethylaminopropyl)-carbodiimide (897 
mg., 4.68 mmoles) and stirred at 0° for 1 .0 hour. The solution was treated with (R)-3,4-dihydro-3-amino-4-oxo-1 ,5-ben- 
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zothiazepine-5(2H)-acetic acid, ethyl ester [prepared according to the procedure of Slade et a!., J. Med. Chem., Vol. 
28, p 1517 - 1521(1985)] (1.55 g., 4.29 mmoles) and 4-methylmorpholine (0.48 ml., 4.37 mmoles) and stirring was 
continued at 0° for 1 .0 hour and at room temperature for 1 .0 hour. The reaction mixture was diluted with ethyl acetate 
(104 ml.) , washed successively with water (16 ml.), 5% potassium bisulfate (2 x 16 ml.), saturated sodium bicarbonate 
5 (16 ml.) and brine (16 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . 
The crude product was chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate:hexane 
(1:4) to give 1.347 g. of product as a syrup; R f = 0.80 (ethyl acetate:hexane, 1:1). 

c) IR-(R*,S*)|-3,4-Dihydro-3-f (2-mercapto-1 -oxo-3-phenvtpropynamino1-4-oxo-1 ,5-benzothiazepine-5(2H)-acetic acid 

10 

A solution of the ethyl ester product of part (b) (1.347 g., 2.768 mmoles) in methanol (14 ml.) was purged with 
argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged (argon, 30 
minutes) solution of 1 .ON sodium hydroxide (11 ml., 4 eq.) maintaining the bubbling of argon throughout the addition 
and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, acidified at 0° with 5% potassium 

75 bisulfate (46 ml.) to pH 2.0 then extracted with ethyl acetate (2 x 1 00 ml.). The organic extracts were washed with brine 
(25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was 
dissolved in methylene chloride (10 ml.) and treated portionwise with hexane (50 ml.), scratching the mixture to form 
a solid. The supernatant was decanted and the solids triturated with additional hexane (50 ml.) and pentane (2 x 100 
ml.), stirring with the first 100 ml. of pentane for 4 hours and the next 100 ml. overnight under argon. The product 

20 obtained was then dried in vacuo for 1 2 hours to give 1 .048 g. of product as an amorphous solid; Rf = 0.57 (methylene 
chloride:methanol: acetic acid, 20:1:1); [a] D = -169.9° (c = 0.61, methanol). 

1H NMR (CDCI 3 ): 1.99(d,1H), 2.76 (t, 1H, J = 11Hz), 3.10 (m, 2H), 3.54 (m, 1H), 3.76 (m, 1H), 4.10 (d, 1H, J = 17 Hz) 
4.65 (m, 1H), 4.86 (d, 1H, J = 17 Hz), 7.12 - 7.68 (m, 9H). 



25 


Anal, calc'd for C^H 


22N2O4S • 


0.17 C 5 H 12 . 0.52 H 2 0: 






C.57.15; 


H.5.30; 


N.6.40; 


S, 14.64; 


SH.7.55 




Found: 


C57.15; 


H,4.99; 


N.6.14; 


S, 14.72; 


SH.8.02. 



30 EXAMPLE 3 

(S,SH,3,4,5-Tetrahvdro-4-ff2-(mercap^ 
acid 

35 a) N-(N-Phthalovl-L-phenvlalanvl)qlvcine. ethyl ester 

Hydroxybenztriazole hydrate (1 .42 g., 10.5 mmol.) and 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochlo- 
ride (2.10 g., 11,0 mmol) were added to a solution of N-phthaloyl-L-phenylalaninamide (2.95 g., 10.0 mmol.) in dry 
methylene chloride (30 ml.) at 0° under argon. After stirring at 0°C for 30 minutes, the resulting mixture was treated 

40 with glycine, ethyl ester, hydrochloride (1.675 g., 12.0 mmol.) and N-methylmorpholine (1.32 ml., 12.0 mmol). After 
stirring at 0°C for 1 hour and at room temperature for 3 hours, the mixture was partitioned between ethyl acetate-5% 
potassium bisulfate. The organic phase was washed successively with 5% potassium bisulfate, saturated sodium bi- 
carbonate and saturated sodium chloride solutions; dried (sodium sulfate) and evaporated to dryness. Trituration of 
the crude product with ethyl ether gave 3.542 g. of product as a white, crystalline solid; m.p 158-159°C; R f = 0.33 

45 (acetone:hexane, 2:3); [a] D = -99.7° (c = 0.61 , chloroform). 

b) (S)-1.3.4.5-Tetrahvdro-4-phthalimido-3-oxo-2H-2-benzazepine-2-acetic acid, ethyl ester 

A mixture of phosphorus pentoxide (9.6 g, 68 mmol) and 85% phosphoric acid (6.0 ml) was heated with stirring 
so until all of the phosphorus pentoxide had dissolved. The resulting viscous liquid was taken up in glacial acetic acid (36 
ml), treated successively with N-(N-phthaloyl-L-phenylalanyl)glycine, ethyl ester (2.241 g., 5.90 mmol.) and trioxane 
(0.75 g., 8.3 mmol.), and heated at 80°C (bath temperature) under an argon atmosphere. After stirring at 80°C for 6.5 
hours the mixture was treated with an additional portion of trioxane (0.75 g, 8.3 mmol). After stirring at 80°C for an 
additional 16 hours, the reaction was quenched with an ice-water mixture and extracted with ethyl acetate. The ethyl 
55 acetate extract was washed with water (3X), saturated sodium bicarbonate (until washes were basic) and saturated 
sodium chloride solutions, dried (sodium sulfate) and evaporated to dryness. The crude product was purified by flash 
chromatography on silica gel (Whatmann LPS-1 ) eluting with ethyl acetate-hexane (35:65) to give 1 .718 g. of product 
as a colorless foam; Rf = 0.38 (ethyl acetate:toluene, 3:7). 
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c) (SH.3,4.5-Tetrahvdro-4-[f(phe^ acid, ethyl ester 

A solution of (S)-1 .a.^S-tetrahydro-^phthalimido^-oxo^H^-benzazepine^-acetic acid, ethyl ester (1 .67 g., 4.26 
mmol.) in 1 .0 M hydrazine hydrate in ethanol (9.0 ml., 9.0 mmol.) was stirred at room temperature under argon for 36 

5 hours. The mixture was diluted with an equal volume of ethyl acetate, filtered and filtrate evaporated to dryness. The 
residue was taken up in toluene and again evaporated to dryness. The colorless, semi-solid residue (1.81 g.) was 
taken up in dry methylene chloride (20 ml.), placed in an ice bath and treated successively with triethylamine (0.80 ml., 
5.8 mmol.) and benzylchloroformate (0.77 ml., 5.4 mmol.). After stirring at 0°C for 2 hours, the mixture was partitioned 
between ethyl acetate-5% potassium bisulfate. The organic phase was washed successively with 5% potassium bi- 

10 sulfate, saturated sodium bicarbonate and saturated sodium chloride solutions, dried (sodium sulfate), and evaporated 
to dryness. Purification of the crude product by flash chromatography on silica gel (Whatmann LPS-1 ) eluting with ethyl 
acetate:hexane (1 :2) gave 1 .0747 g. of product as a colorless foam; R f = 0.52 (ethyl acetate:toluene, 3:7). A sample 
crystallized from hexane had m.p. 80 -82°C; [ct] D = +87.2° (c = 0.53, chloroform). 

75 d) fSV1,3,4,5-Tetrahvdro-4-amino-3-oxo-2H-2-benzazepine-2-acetic acid, ethyl ester 

20% Palladium hydroxide/carbon catalyst was added to a solution of (S)-1,3,4,5-tetrahydro-4-[[(phenylmethoxy) 
carbonyl]amino]-3-oxo-2H-2-benzazepine-2-acetic acid, ethyl ester (1 .037 g., 2.62 mmole) in absolute ethanol (20 ml.) 
and the resulting suspension was stirred under a hydrogen atmosphere (balloon) for 2 hours. The mixture was filtered 
20 through Celite and filtrate was evaporated to dryness. The semi-solid residue was triturated with hexane to give 0.63 
g. of product as a white, crystalline solid; m.p. 71-73° C; R f = 0.38 (methanol:methylene chloride, 1:9); [a] D = 77.5° (c 
= 0.59, chloroform). 

8) (S,SH.3.4,5-Tetrahvdro-4-f[2-[(acetvlthio)m^ 
25 acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephedrine salt as described previously) was 
reacted with the product from part (b) according to the procedure of Example 1 part (b), affording the title product as 
a colorless foam; R f = 0.30 (ethyl acetate:hexane; 1:1). 

30 

f) (S,S)-1 ,3,4,5-Tetrahvdro-4-[f2-(mercaptomethyl-1 -oxo-3-phenvlpropvl1amino1-3-oxo-2H-2-benzazepine-2 -acetic 
acid 

A solution of the product from part (e) in methanol was treated with 1 N sodium hydroxide according to the procedu re 
35 of Example 1 part (c) to give the title product as a white solid; m. p. 149 - 151°C (decomp). R f = 0.47 (methylene 
chloride:acetic acid: methanol, 20:1:1); [<x] D = +112.2° (c = 0.58, methanol) 



40 



Anal, calc'd for C22H 


24N2O4S: 


Found: 


C.64.06; 
C64.20; 


H.5.86; 
H.6.09; 


N.6.79; 
N.6.43; 


S.7.77; 
S.7.68; 


SH.8.02 
SH.8.33. 



EXAMPLE 4 

45 (S,S)-1,3,4,5-Tetrahvdro-4-f(2-mercapto-1-oxo-3-phenytpropyl)amino1-3-oxo-2H-2-benzazepine-2-acetic acid 

a) (S.S)-1 ,3,4,5-Tetrahvdro-4-rf2-(acetylthioV1 -oxo-3-phenvlpropyl1amino]-3-oxo-2H-2-benzazepine-2-acetic acid, 
ethyl ester 

so (S)-2-(Acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as described previously) was 

reacted with the product from Example 3 part (d) according to the procedure of Example 2 part (b) affording the title 
product as a colorless foam; R f = 0.35 (ethyl acetate:hexane, 1:1). 

b) (S,S)-1 ,3A5-Tetrahydro-4-f (2-mercapto-1 -oxo-3-phenvlpropyl)amino1-3-oxo-2H-2-benzazepine-2-acetic acid 

ss 

A solution of the product from part (a) in methanol was treated with 1 N sodium hydroxide according to the procedure 
of Example 2 part (c), affording the title product as a white solid; m.p. 181 - 183° (decomposition); R f = 0.49 (methylene 
chloride:acetic acid: methanol, 20:1:1); [a] D = +103.4° (c = 0.57, methanol). 
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Anal, calc'd for C 21 H22N 2 0 4 S: 






C.63.30; 


H.5.56; 


N.7.03; 


S.8.05; 


SH.8.30; 


5 


Found 


C.63.35; 


H.5.65; 


N.6.87; 


S,8.07; 


SH.9.40. 



EXAMPLE 5 



fS-(R^R*)l-2,3,4,5-Tetrahvdro-3-[f2-(mercapto^ 
10 acid 

a) fS-(^R*)l-2,3,4,5-Tetrahvdr^^ 
1 -acetic acid, ethyl ester 

75 (S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephedrine salt (1.547 g., 3.83 mmoles, 1.01 eq.) was suspended 

in ethyl acetate (72 ml.), washed with dilute hydrochloric acid (72 ml. water + 5.4 ml. 1 .ON hydrochloric acid then 36 
ml. water + 1 .8 ml. 1 .ON hydrochloric acid), brine (1 2 ml.), dried (anhydrous magnesium sulfate), filtered and evaporated 
to dryness. The colorless syrup was dried jn vacuo for 1 .0 hour to give 1 .062 g.of (S)-2-[(acetylthio)methyl]benzene- 
propanoic acid. 

20 The free acid was dissolved in dry dimethyl-formamide (21 .8 ml.), cooled down to 0° (ice-salt bath), treated with 

1 -hydroxybenztriazole hydrate (540 mg., 3.99 mmoles) and 1-ethyl-3-(3-dimethylaminopropylcarbodiimide (792 mg. f 
4.13 mmoles) and stirred at 0° under argon for 1.0 hour. The clear solution was treated with (S)-2,3,4,5-tetrahydro- 
3-amino-2-oxo-1H-benzazepine-1 -acetic acid, ethyl ester [prepared as described by Watthey et al., J. Med. Chem., 
28, p. 151 1 - 1 516 (1 985)] (1 .0 g., 3.81 mmoles) and stirring was continued at 0° for 1 .0 hour and at room temperature 

2$ for 1.0 hour. The reaction mixture was diluted with ethyl acetate (100 ml.), washed successively with water (15 ml.), 
5% potassium bisulfate (2 x 15 ml.), saturated sodium bicarbonate (15 ml.) and brine (15 ml ), dried (anhydrous mag- 
nesium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a 
silica gel column (Merck), eluting the column with ethyl acetate:hexane mixtures (1:4; 1:2) to give 1.725 g.of product 
as a syrup; R f = 0.42 (ethyl acetate:hexane, 1:1). 

30 

b) fS-fR*,R*ll-2,3,4,5-Tetrahvdro-3-ff2-(mercaptomethvn-1-oxo-3-phenvlpropvllamino1-2-oxo-1H-benzazepine- 
1 -acetic acid 

A solution of the ethyl ester product from part (a) (1.725 g., 3.574 mmoles) in methanol (18.0 ml.) was purged with 
35 argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged (argon, 30 
minutes) solution of 1.0 N sodium hydroxide (14.3 ml., 4 eq.) maintaining the bubbling of argon throughout the addition 
and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, acidified at 0° with 5% potassium 
bisulfate (60 ml.) to pH 1 .0 then extracted with ethyl acetate (2 x 120 ml.). The organic extracts were washed with brine 
(30 ml.), dried (anhydrous sodium sulfate), filtered, and evaporated to dryness. The crude product was dissolved in 
40 methylene chloride (10 ml.) and treated portionwise with hexane (50 ml ), scratching the mixture to form a solid. The 
supernatant was decanted and the solids triturated with additional hexane (2 x 50 ml.) and pentane (2 x 100 ml.), 
stirring with the first 1 00 ml. of pentane for 4.0 hours and the next 1 00 ml. overnight under argon. The product obtained 
was then dried jn vacuo for 1 2 hours to give 1 .438 g. of product as an amorphous solid R f = 0.53 (methylene chloride: 
methanol:acetic acid, 20: 1 : 1 ); 
45 [a] D = -140.4° (c = 0.76, methanol) 





Anal, calc'd. for C^^NgC^S 


0.11 C 5 H 12 : 








C.64.42; 


H.6.07; 


N.6.66; 


S.7-63; 


SH.7.87 


50 


Found: 


C64.07; 


H.6.13; 


N.6.34; 


S.7.25; 


SH.7.14. 



1 NMR(CDCI 3 ) 1 .42 (t, 1 H), 1 .95 (m, 1 H), 2.44 - 2.90 (m, 7H), 3.27 (m, 1 H), 4.37 (d, 1 H, J = 1 7 Hz), 4.52 (m, 1 H), 4.67 
(d, 1H, J = 17 Hz), 6.86 - 8.00 (m, 9H). 



55 
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EXAMPLE 6 



fS-(^R*)1-2,3A5-Tetrahydro-3-[(2-mercap acid 



aHS-(^R*)-2,3,4,5Tetrahydro-3-[f2-^ acid, 
ethyl ester 



70 



75 



20 



25 



30 



35 



40 



A suspension of (S)-2-(acetylthio) benzenepropanoic acid, dicyclohexylamine salt (1.70 g., 4.19 mmoles) was 
suspended in ethyl acetate (120 ml.), washed with 5% potassium bisulfate (5 x 20 ml.) and brine (25 ml.), dried (an- 
hydrous magnesium sulfate, filtered, evaporated to dryness and dried in vacuo to give 954 mg. of the free acid as a 
syrup. 

This free acid was dissolved in dry methylene chloride (25 ml.) and cooled down to 0° (ice-salt bath) treated with 
1 -hydroxybenztriazole hydrate (594 mg., 4.40 mmoles) and 1 -ethyl-3-(3-dimethylaminopropyl)carbodidimide (870 mg., 
4.54 mmoles) and stirred at 0° for 1 .0 hour. The solution was treated with a solution of (SJ^.SAS-tetrahydro-S-amino- 
2-oxo-1H-benzazepine-1 -acetic acid, ethyl ester [prepared as described by Watthey etal., J. Med. Chem., 28, p 1511 
- 1516 (1985)] (1.0 g., 3.81 mmoles) in dry methylene chloride (10 ml.) and stirring was continued at 0° for 1.0 hour 
and at room temperature for 1 .5 hours. The reaction mixture was diluted with ethyl acetate (100 ml.), washed succes- 
sively with water (15 ml.), 5% potassium bisulfate (2 x 15 ml.), saturated sodium bisulfate (15 ml.) and brine (15 ml.), 
dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chroma- 
tographed on a silica gel column (Merck), eluting the column with ethyl acetate:hexane mixtures (1:4; 1:2) to give 1 .632 
g. of product as a syrup. An additional 127 mg. of the isomer mixture (1:1 ratio) was also obtained from the column; 
R f = 0.50 (ethyl acetate:hexane, 1:1). 

b) [$-(R*,R*)l-2,3,4,5-Tetrahvdro-3-f(2-mercapto-1-oxo-3-phenvlpropyl)amino]-2-oxo-1H-benzazepine-1 -acetic acid 

A solution of the ethyl ester product from part (a) (1.57 g., 3.35 mmoles) in methanol (17.0 ml.) was purged with 
argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged (argon, 30 
minutes) solution of 1 .0 N sodium hydroxide (1 3.4 ml., 4.0 eq.) maintaining the bubbling of argon throughout the addition 
and length of the reaction. The reaction mixture was stirred at 0° for 1 .0 hour, acidified at 0° with 5% potassium bisulfate 
(60 ml.) to pH 1 .0 then extracted with ethyl acetate (2 x 110 ml'.). The organic extracts were washed with brine (30 ml.), 
dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was dissolved 
in methylene chloride (10 ml.) and treated portionwise with hexane (50 ml.), scratching the mixture to form a solid. The 
supernatant was decanted and the solids triturated with additional hexane (2 x 50 ml.) and pentane (2 x 100 ml.), 
stirring with the first 100 ml. of pentane for 4 hours and the next 100 ml. overnight under argon. The product obtained 
was then dried in vacuo for 12 hours to give 1 .237 g. of product; Rf = 0.58 (methylene chloride:methanol:acetic acid, 
20:1:1); 

[a] D = -155.5° (c = 0.73, methanol). 



Anal, calc'd. for C^H^ N 2 0 4 S . 0.1 C 5 H 12 . 0.18 H 2 0: 



Found: 



C.63.14; 


H.5.81; 


N.6.85; 


S,7.84; 


C.63.14; 


H.5.85; 


N.6.58; 


S.7.50; 



SH.8.09 
SHJ.05. 



1H-NMR-(CDCI 3 ): 1.88 (m, 1H), 1.97 (d,1H), 2.62 (m,2H), 3.07 (m, 2H), 3.25 (m, 1H), 3.51 (m, 1H), 4.39 (d, 1H, J = 
45 17 Hz), 4.45 (m, 1H),4.64(m, 1 H, J = 17 Hz), 7.07 - 7.41 (m, 9H). 

Example 7 

[2S-f2a,5a(R*)1l-5.6-Dihvdro-5-f2-mercapto-1-oxo-3-phenvlpropyl]amino1-4-oxo-2-phenyl-2H-1,3-thiazine-3(4H)- 
so acetic acid 

a) (2S-cis)-5,6-Dihvdro-5-phthalimido-4-oxo-2-phenyl-2H-1,3-thiazine-3(4H)-acetic acid, ethyl ester 

Following the procedure of U.S. Patent 4,460,579 Example 1 (a) through 1 (c), 1 5.6 g., of the diastereomeric product 
55 mixture was obtained. The mixture was refluxed in ether (500 ml.) for 4 hours, cooled in an ice-bath, and filtered to 
yield 5.9 g. of (2R-trans)-5,6-dihydro-5-phthalimido-4-oxo-2-phenyl-2H-1,3-thiazine-3(4H)-acetic acid, ethyl ester; m. 
p. 166 - 168°C; R f = 0.40 (hexanes: ethyl acetate, 1:1); [cc] D = -72-9° (c = 1 , chloroform). 
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Anal, calc'd. for C^H^^OsS: 






C.62.25; 


H.4.75; 


N,6.60; 


S.7.77 


5 


Found: 


C.62.21; 


H.4.82; 


N.6.63; 


S.7.52. 



Trituration of the remainder of the product mixture with refluxing ether (125 ml.) afforded a second batch of 0.9 g. 
of the (2R-trans) isomer product. The residue was triturated again with refluxing ether to give 0.75 g. of insoluble 
substance [largely (2R-trans) isomer] and 7.1 g. of material enriched in (2S-cis) isomer. 6.0 g. of the enriched (2S-cis) 
70 isomer material was chromatographed on two connected Waters Prep L C columns and eluted with hexanes:ethyl 
acetate (3:1). Pooling of the product containing fractions yielded 4.8 g. of (2S-cis)-5,6-dihydro-5-phthalimido-4-oxo- 
2-phenyl-2H-1,3-thiazine-3(4H)-acetic acid, ethyl ester, m. p. 66 - 68°C; 
[a] D = -101 .2°. TLC same as isomer A. 



75 


Anal, calc'd. for C^H^NgOgS 


0.2 H 2 0: 








C.61.83; 


H.4.79; 


N.6.55; 


S.7.50 




Found: 


C.61.83; 


H.5.07; 


N.6.25; 


S.7.42. 



20 b) (2S-cis)-5,6-Dihydro-5-amino-4-oxo-2'Phenvl-2H-1,3-thiazine-3(4H)-acetic acid, ethyl ester 

A solution of the (2S-cis) isomer product from part (a) (approximately 85% diastereomerically pure, 3.03 g., 7.1 
mmol.) in chloroform (15 ml.) was treated with methyl hydrazine (850 uJ., 736 mg., 16.0 mmol.). After stirring at room 
temperature for 24 hours, the mixture was diluted with ethyl acetate and ethyl ether and filtered. The filtrate was ex- 
25 tracted twice with 0.5 N hydrochloric acid and the pooled aqueous extracts were made basic with 1 N sodium hydroxide. 
The aqueous mixture was extracted three times with methylene chloride and the pooled methylene chloride extracts 
were dried (sodium sulfate), filtered, and stripped to give 1 .648 g. , of product as a pale yellow oil; Rf = 0.43 ( methylene 
chloride:acetic acid: methanol, 8: 1 :1 ). NMR analysis showed the product was obtained in approximately 84% diaster- 
eomeric purity. 

30 

c) r2S-12a.5a(R*)11-5,6-Dihvdro-5-ff2-(acetyl^ 
acetic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.318 g., 3.25 mmol.) was partitioned between 
35 ethyl acetate and 5% potassium bisulfate. The ethyl acetate layer was washed with water and brine, then dried (sodium 
sulfate), filtered and stripped to give the free acid as a colorless oil. A mixture of acid this free acid and the (2S-cis) 
product from part (b) (84% diastereomeric purity, 960 mg., 3.26 mmol.) was dissolved in methylene chloride (25 ml.) 
and treated with 1 -hydroxybenztriazole hydrate (622 mg., 4.6 mmol.) then cooled to -10°C. The mixture was subse- 
quently treated with 1-ethyl-3-(3-dimethyl-aminopropyl)carbodiimide (687 mg., 3.58 mmol ). After slowly warming to 
40 0°C over a one hour period, the mixture was subsequently warmed to room temperature. After 4 hours, the solution 
was diluted with ethyl acetate and washed successively with water, 5% potassium bisulfate, water, saturated sodium 
bicarbonate, and brine, then dried (sodium sulfate), filtered, and stripped. The residue was flash chromatographed 
(Merck silica gel, 1 :1 -ethyl acetate:hexane) to give 804 mg. of product as a colorless foam; R f = 0.33 (50% ethyl acetate 
in hexanes). NMR analysis indicated the material was 91% diastereomerically pure with respect to acetylthio center. 

45 

6) f2S-f2a,5a(R*)ll-5,6-Dihvdro-5-[(2-marcapto-1-oxo-3-phenvlpropyl1amino1-4-oxo-2-phenvl-2H-1,3-thiazine-3(4H)- 
acetic acid 

A solution of the ethyl ester product from part (c) (500 mg., 1 .0 mmol.) in methanol (5 ml., deoxygenated via argon 
50 bubbling) at 0°C was treated with ice cold 1 N sodium hydroxide (5 ml., deoxygenated via argon bubbling) and the 
resulting mixture was stirred at 0°C under argon for 30 minutes. The solution was acidified with 10% potassium bisulfate 
(15 ml.), diluted with water and extracted with ethyl acetate. The ethyl acetate extract was washed with water and 
brine, then dried (sodium sulfate), filtered and stripped to afford an oil/foam. This material was flash chromatographed 
(Merck silica gel, 20: 1:1 -methylene chloride:methanol:acetic acid). The fractions containing the product were pooled 
55 and stripped, and the residue was taken up in ethyl acetate and washed successively with water, 0.5 N hydrochloric 
acid, and brine, then dried (sodium sulfate), filtered and stripped again. The resulting oil was dissolved in a small 
amount of ethyl acetate and ethyl ether and triturated with hexane. The mixture was stripped to dryness, slurried in 
hexane, stripped to dryness again, and dried in vacuo to give 392 mg., of product as a white foam; R f = 0.24 (methylene 
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chloride:methanol:acetic acid, 20:1:1); [a] D = -13.2° (c = 0.5, chloroform). 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 90% water- 10% methanoK).2% phosphoric acid 
and 56% B: 10% water-90% methanol-0.2% phosphoric acid; flow rate 1 .5 ml/min detecting at 220 nm; t R = 26.22 min. 
and t R = 24.64 min (9.3% 5a(S*) isomer). 



Anal, calc'd. for C 21 H 22 N 2 0 4 S 2 • 0.17H 2 O: 





C.58.18; 


H.5.19; 


N.6.46; 


S.14.79; 


SH.7.63 


Found: 


C.58.20; 


H.5.51; 


N.6.44; 


S.14.46; 


SH.6.60. 



EXAMPLE 8 

r2S-r2a,5a(R*)11-5.6-Dihydro-5-fr2-^ 
(4H)-acetic acid 

75 

a) r2S42a,5a(R*)ll-5.6-Dihvdro-5-^ 
1,3-thiazine-3(4HVacetic acid, ethyl ester 



20 



25 



30 



35 



40 



(S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephedrine salt as described previously) was 
reacted with the product from Example 7 part (b) according to the procedure of Example 1 part (b), affording the title 
product as a white foam; R f = 0.29 (50% ethyl acetate in hexanes). 
NMR analysis indicated that the product was diastereomerically pure. 

b) r2S42a,5a(R*)11-5,6-Dihvdro-5-f^ 
-3(4H)-acetic acid 

A solution of the product from part (a) in methanol was treated with 1 N sodium hydroxide according to the procedure 
of Example 1 part (c), affording the title product as a relatively hard white foam; 
R f = 0.29 (methylene chloride:methanol:acetic acid, 20:1:1); [a] D = +42.9° (c = 1.0, chloroform). 
HPLC: YMC S3 ODS column (6.0 x 1 50 mm); eluted with 44% A: 90% water-1 0% methanol-0.2% phosphoric acic and 
56% B: 10% water-90% methanol-0.2% phosphoric acid; flow rate 1.5 ml/min detecting at 220 nm; t R = 33.45 min 
(99.1%). 



Anal, calc'd. for C 22 H 24 N 2 0 4 S 2 : 





C.59.44; 


H.5.44; 


N.6.30; 


S, 14.42; 


SH.7.44 


Found: 


C.59.63; 


H.5.84; 


N.5.99; 


S, 14.54; 


SH.6.83. 



EXAMPLE 9 



45 



SO 



55 



(S,S)-Hexahvdro-3-[f2-(mercaptomethvn-1 -oxo-3-pheny)propvnamino1-2-oxo-1 H-azepine-1 -acetic acid a) N 2 -f 
M ,1-Dimethvlethoxv)carbonvl1-N 6 -f(phenvlmethoxv)carbonvl-L-lysine 1 methyl ester 

Cesium carbonate (4.28 g.. 13.1 mmoles) was added to a mixture of N 2 -[(1 ,1 -dimethylethoxy)carbonyl]-N 6 -[(phe- 
nylmethoxy)carbonyl]-L-lysine (10 g., 26.3 mmoles) and 20 % water-methanol (60 ml.). The solution became homo- 
geneous within 5 minutes so the solvent was stripped and the residual water removed azeotropically with acetonitrile 
(3x). The resulting oil was dried in vacuo .dissolved in dry dimethyl-formamide and treated with methyl iodide (3.2 ml., 
2.0 eq.). The reaction mixture was stirred at room temperature for 1.5 hours under argon, diluted with ethyl acetate 
(200 ml.) and washed successively with water (2 x 25 ml.), saturated sodium bicarbonate (25 ml.) and brine (25 ml ). 
The organic phase was dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to 
give 10.11 g., of product as a light yellow syrup; R f = 0.30 (ethyl acetate:hexanes, 1:2). 

b) (S)-3-ff (1 , 1 -Dimethvlethoxv)carbonvl1aminol-hexahvdro-2H-azepin-2-one 

A solution of the methyl ester product from part (a) (8.532 g., 21 .63 mmoles) in dry methanol (100 ml.) was treated 
with 10% palladium on carbon catalyst (2.13 g.) and hydrogenated at 50 psi for 2 hours. The mixture was diluted with 
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methanol (100 ml.) and filtered through a celite pad in a millipore unit, washing the pad well with methanol (3 x 100 
ml ). The clear filtrate was evaporated to dryness, dried in vacuo and the resulting oil was dissolved in dry xylene (70 
ml ). The solution was refluxed under argon for 20 hours, cooled down to room temperature, diluted with ethyl acetate 
(425 ml.), and washed successively with 5% potassium bisulfate (85 ml.), saturated sodium bicarbonate (85 ml.) and 
s brine (85 ml.). The organic phase was dried (magnesium sulfate), filtered, evaporated to dryness and dried jn vacuo . 
The crude product was chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate:hexane 
(1 : 1 ) to give 2.76 g. of product as a white solid; m. p. 1 46-1 47°; R f = 0.58 (ethyl acetate); [a] D = +4.5° (c = 1 .0, methanol). 



10 



Anal, calc'd. for C 11 H2oN 2 0 3 : 


Found: 


C.57.87; 
C58.12; 


H.8.83; 
H,8.63; 


N, 12.27 
N, 12.26. 



c) (S)-3-[[(1.1-Dimethvlethoxv)carbonyllamino]-hexahydro-2-oxo-1H-azepine-1 -acetic acid, ethyl ester 

75 

A suspension of the 2H-azepine-2-one product from part (b) (2.966 g., 1 2.99 mmoles) in dry tetrahydrofuran (21 .0 
ml.) was treated with 1.0 M potassium t-butoxide/tetrahydrofuran (16.9 ml., 1.3 eq.) and stirred under argon at room 
temperature for 5 minutes. The clear light brown solution was treated dropwise with ethyl bromoacetate (2.34 ml., 1 .7 
eq.) , stirred at room temperature for 1 .0 hour then diluted with ethyl acetate (100 ml.). The mixture was washed with 
20 saturated sodium bicarbonate (20 ml. ), 5 % potassium bisulfate (15 ml.) and brine (15 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica gel 
column (Merck), eluting the column with hexane and ethyl acetate:hexane mixtures (1 :6; 1 :3) to give 3.387 g. of product 
as a syrup; R f = 0.55 (ethyl acetate: hexane, 1:1) 

25 d) (S)-3-Amino-hexahvdro-2 -oxo-1 H-azepine-1 -acetic acid, ethyl ester, hydrochloride salt 

A solution of the ethyl ester product from part (c) (3,278 g., 10.13 mmoles) in dry dioxane (80 ml.) was treated with 
4.0 M hydrochloric acid/dioxane (31 ml., 0.124 mole, 12 eq.) and stirred at room temperature under argon for 20 hours. 
The reaction mixture was stripped to dryness, evaporating the product several times from ether, then dried jn vacuo 
30 to give 2.541 g. of product as a white crystalline hygroscopic solid; Rf = 0.32 (methylene chloride:methanol:acetic acid, 
8:1:1). 

e) (S,S)-3-ff2-[(Acetylthio)methvn-1-oxo-3-phenylpropyl1amino]-2 -oxo-1 H-azepine-1 -acetic acid, ethyl ester 

35 (S)-2-[(Acetylthio)methyl]benzenepropanoic acid, ephedrine salt (1.625 g., 4.028 mmoles, 1 .01 eq.) was suspend- 

ed in ethyl acetate (75 ml.), washed with dilute hydrochloric acid (75 ml. water + 5.7 ml. 1.0 N hydrochloric acid then 
40 ml. water + 1.9 ml. 1.0 N hydrochloric acid), brine (15 ml.), dried (an hydrous sodium sulfate), filtered and evaporated 
to dryness. The colorless syrup was dried in vacuo for 1 .0 hour to afford 1 .05 g.of the free acid. 

This free acid was dissolved in dry dimethylformamide (25 ml.), cooled down to 0° (ice-salt bath), treated with 

40 1-hydroxybenztriazole hydrate (567 mg.,4.20 mmoles) and 1-ethyl-3-(3-dimethylaminopropylcarbodiimide (832 mg., 
4.34 mmoles) and stirred at 0° under argon for 1.0 hour. The clear solution was treated with a solution of the ethyl 
ester hydrochloride salt product of part (d) (1.0 g., 3.988 mmoles) in dry dimethylformamide (3.0 ml.) and 4-methyl- 
morpholine (0.45 ml., 1 .0 eq.) and stirring was continued at 0° for 1 .0 hour and at room temperature for 2.0 hours. The 
reaction mixture was diluted with ethyl acetate (100 ml.), washed successively with water (15 ml.), 5 % potassium 

45 bisulfate (2x15 ml.), saturated sodium bicarbonate (15 ml.) and brine (15 ml.), dried (anhydrous sodium sulfate), 
filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica gel column 
(Merck), eluting the column with ethyl acetate: hexane mixtures (1:4; 1:2) to give 1.618 g., of product as a syrup; R, = 
0.030 (ethyl acetate:hexane, 1:1). 

so f) (S,S)-Hexahvdro-3-ff2-(mercaptomethvl)-1-oxo-3-phenylpropyl]aminol-2-oxo-1 H-azepine-1 -acetic acid 

A solution of the ethyl ester product from part (e) (1 .537, 3.53 mmoles) in methanol (18 ml.) was purged with argon 
for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged (argon, 30 minutes) 
solution of 1 .ON sodium hydroxide (14.2 ml., 4 eq.) maintaining the bubbling of argon throughout the addition and the 
55 length of the reaction. The reaction mixture was stirred at 0° for 1 .0 hour, acidified at 0° with 5% potassium bisulfate 
(60 ml.) to pH 2.0 then extracted with ethyl acetate ( 2 x 100 ml.). The organic extracts were washed with brine (25 
ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was 
dissolved in methylene chloride (5 ml.) and treated portionwise with hexane (50 ml.), scratching the mixture to form a 
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70 



solid. The supernatant was decanted and the solids were triturated with more hexane (3 x 50 ml.) and the solids were 
evaporated from pentane (4 x 40 ml.). The resulting product was dried in vacuo 12 hours to give 1.261 g., of product 
as an amorphous solid; R f = 0.43 (methylene chloride:methanol:acetic acid, 20:1:1); 
[a] D = +20.2° (c = 0.61, methanol). 

1H-NMR (400 MHz, CDCI 3 ): 1.46 (t,3H), 1.81, (m, 6H), 2.60(m,2H), 2.87 (m,3H), 3,21 (m,1H), 3.71 (m,1H), 4.17(s, 
2H), 4.68 (m,1H), 7.13 - 7.27 (m, 5H). 



Anal, calc'd. for C 18 H 24 N 2 0 4 S • 0.2C 5 H 12 • 0,45 H 2 0: 



Found: 



C.58.96; 


H.7.11; 


N.7.24; 


S.8.28; 


C.58.96; 


H.6.86; 


N.7.07; 


S.8.31; 



SH.8.54; 
SH.8.43. 



15 



20 



25 



30 



EXAMPLE 10 

(S,S)-Hexahydro-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino1-2-oxo-1H-azepine-1 -acetic acid 

a) (S,S)'3-[f2-(AcetvrthioV1-oxo-3'Phenvlpropvl1aminoV2-oxo-1H-azepine-1-acetic acid, ethyl ester 

A suspension of (S)-2-(acetylthio)benzenepropanoic acid, dicyclohexylamine salt (2.81 g., 6.93 mmoles or 1.01 
eq.) was suspended in ethyl acetate (200 ml.), washed with 5% potassium bisulfate (5 x 30 ml) and brine (40 ml.), 
dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give 1 .737 g. of the free 
acid as a clear syrup. 

This free acid was dissolved in dry methylene chloride (30 ml.) and cooled down to 0° (ice-salt bath) treated with 

1 - hydroxybenztriazole hydrate (978 mg., 7.23 mmoles) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (1.435 
mg., 7.49 mmoles) and stirred at 0° for 1.0 hour. The solution was treated with a solution of (S)-3-amino-hexahydro- 

2- oxo-l H-azepine-1 -acetic acid, ethyl ester, hydrochloride salt (1.58 g., 6.30 mmoles) in dry methylene chloride (10 
ml) and 4-methylmorpholine (0.77 ml., 7.01 mmoles) and stirring was continued at 0° for 1 .0 hour and at room tem- 
perature for 1 .5 hours. The reaction mixture was diluted with ethyl acetate (170 ml.) , washed successively with water 
(25 ml.), 5% potassium bisulfate (2 x 25ml.), saturated sodium bicarbonate (25 ml.) and brine (25 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on 
a silica gel column (Merck), eluting the column with ethyl acetatetiexanes (3:7) to give 2.045 g. of product as a syrup. 
An additional 261 mg. of the isomer mixture (1 :1 ratio) was obtained from the column; R, = 0.45 (ethyl acetate:hexane, 
1:1). 



35 b) (S,S)-Hexahydro-3-r(2-mercapto-1 -oxo-3-phenvlpropyl)amino1-2-oxo-1 H-azepine-1 -acetic acid 

A solution of the ethyl ester product from part (a) (2.044 g., 4.86 mmoles) in methanol (25 ml.) was purged with 
argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged (argon, 30 
minutes) solution of 1 .ON sodium hydroxide (1 9.55 ml., 4 eq.) maintaining the bubbling of argon throughout the addition 

40 and the length of the reaction. The reaction mixture was stirred at 0° for 1.0 hour, acidified at 0° with 5% potassium 
bisulfate (85 ml.) to pH 2.0 then extracted with ethyl acetate (2 x 140 ml.). The organic extracts were washed with brine 
(35 ml ), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo The crude product was 
dissolved in methylene chloride (10 ml.) and treated portionwise with hexane (50 ml.), scratching the mixture to form 
a solid. The supernatant was decanted and the solids triturated with more hexane (2 x 50 ml.) and pentane (2 x 100 

45 ml.), stirring with the first 100 ml. of pentane for 4 hours and the next 100 ml. overnight under argon. The product 
obtained was then dried in vacuo for 1 2 hours to give 1.618 g.of product as an amorphous solid; R f = 0.53 (methylene 
chloride:methanol:acetic acid, 10:1:1); 
[a] D - +8.04* (c = 0.56, methanol). 

1HNMR (400 MHz, CDCl 3 ): 1.71 (m,6H), 2.02 (d,1H), 3.16 (m,3H), 3.61 (m, 1H), 3.70 (m,1H), 4.17 (s,2H), 4.65 (m, 
50 1H), 7.18- 7.72 (m,5H). 





Anal, calc'd. for C 17 H 22 N 2 0 4 S: 






C58.27; 


H.6.33; 


N.7.99; 


S.9.15; 


SH.9.44 


55 


Found: 


C.58.43; 


H.6.56; 


N.7.85; 


S.8.96; 


SH.10.27. 
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EXAMPLE 11 

r3R-f3a6a(SM,9aB11-Octahvdro-6-f(2-mercapto^^ 
3-carboxylic acid 

5 

a) N 2 -Phthaloyl-L-lvsine 

A mixture of N 6 -[(1,1-dimethylethoxy)carbonyl]-L-lysine (10.827 g., 43.9 mmoi.) and sodium carbonate (4.665 g., 
44.0 mmoi.) was stirred in 170 ml of ethanol:water (1:3) for 2.5 hours. The ethanol was removed by rotary evaporation 

10 and the aqueous solution was treated with N-carbethoxy phthalimide (9.66 g, 44.0 mmoi). After stirring at room tem- 
perature for 1 .5 hours, the solution was filtered, treated with methylene chloride (200 ml), and the aqueous layer was 
acidified with 6 N hydrochloric acid (to pH 2.8). The layers were shaken and separated. The aqueous layer was extracted 
again with ethyl acetate and the pooled organic layers were dried (magnesium sulfate), filtered, and stripped to give 
a near colorless oil/glass (19.510 g). 

15 The residue was cooled to 0 °C, treated with trifluoroacetic acid (150 ml.), and the mixture was let stir at room 

temperature for 3 hours. The trifluoroacetic acid was removed by rotary evaporation and the residue was azeotroped 
twice with toluene. The crude product was taken up in water and run on a Dowex AG 50-X2 (100-200 mesh, 300 ml, 
acidic form) column eluting in succession with 1 :1 methanol:water (600 ml), water (500 ml.), and finally 5:95 pyridine: 
water (1000 ml.). The desired fractions were pooled, stripped, taken up in water and lyophilized to give 7.850 g. of 

20 product as a white solid; R f = 0.57 (n-butanol:water:acetic acid:ethyl acetate, 1:1:1:1) 

b) f2(S) t 4Rl-4-(Methoxvcarbonvn-a-phthalimido-2-thiazolidinepentanoic acid 

A slurry of N 2 -phthaloyl-L-lysine (7.710 g., 27.9 mmoi.) in dry dimethylformamide (135 ml.) was treated with 
25 4-formyl-1-methylpyridinium benzenesulfonate (7.320 g, 26.2 mmoi). The resulting dark mixture gradually became 
homogeneous. After stirring at room temperature for 1 hour, the mixture was treated with 1 ,8-diazobicyc1o[5.4.0]undec- 
7- ene (8.15 ml, 8.30 g, 54.5 mmoi.) followed 5 minutes later with L-cysteine, methyl ester, hydrochloride (4.53 g, 26.3 
mmoi). The dark solution was stirred for 2.5 hours, then diluted with aqueous hydrochloric acid (pH 1 .7, 300 ml.) and 
chloroform (150 ml.). The aqueous layer was adjusted to pH 4.3-4.4 with 0.5 N hydrochloric acid and subsequently 
30 extracted five times with chloroform. The pooled chloroform extracts were washed with water (50 ml.), dried (sodium 
sulfate), filtered and stripped. The residue was taken up in ethyl acetate, filtered through Celite, and concentated to 
give 1.84 g. of crude product as a dark orange-red oil. R f = 0.58 major spot (acetic acid:ethyl acetate, 15:85). NMR 
shows a 2:1 ratio of isomers. 

35 c) f3R-(3a,6a)l-Octahydro-6-phthalimido-5-oxothiazoiof3,2-alazepine-3-carboxylic acid, methyl ester 

A solution of the product from part (b) (1 .84 g., 4.7 mmoi) in tetrahydrofuran (70 ml.) was treated with 2-ethoxy- 
1-ethoxycarbonyl-1,2-dihydroquinoline (1.400 g., 5.67 mmoi.) and the mixture was stirred at room temperature for 3 
days. The tetrahydrofuran was removed by rotary evaporation and the residue was taken up in ethyl acetate and 
40 washed in succession with 0.5 N hydrochloric acid (2X), 50% saturated sodium bicarbonate, water, and brine, then 
dried (sodium sulfate), flitered, and stripped. The resulting orange oil was flash chromatographed (Merck silica gel, 
40-50% ethyl acetate in hexanes) to give 1.126 g. of product as a 1:1 mixture of diastereomers; R f = 0.22 and 0.20 
(40% ethyl acetate in hexane). 

45 d) f3R-(3a,6a,9a|3)]-Octahvdro-6-phthalimido-5-oxothiazolof3,2-alazepine-3-carboxvlic acid, methyl ester 

A mixture of the methyl ester product from part (c) (1 .1 1 0 g.) and p -toluene sulfonic acid hydrate (2.33 g) in benzene 
(20 ml.) was refluxed with removal of water (Dean-Stark trap) for 2.5 hours. The cooled mixture was diluted with ethyl 
acetate and washed with 50% saturated sodium bisulfate, water, and brine, then dried (sodium sulfate), filtered, and 
50 stripped. The residue was flash chromatographed (Merck silica gel, 10-20% ethyl acetate in methylene chloride) to 
give nearly pure product as an off-white foam. The foam was dissolved in hot ethyl acetate/hexanes, cooled and seeded 
to give fine white needles (845 mg). An additional 50 mg of solid product was obtained from the mother liquor bringing 
the total amount of pure product to 895 mg; m.p. 1 54-1 55 °C; [a] D = -31 .8° (c = 0.52, chloroform); R f = 0.22 (40% ethyl 
acetate in hexane). 

55 
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e) f3R-(3a,6a,9aP)1-6-Amino<)Ctahvdro-5-oxothiazolo-f3,2-a]azepine-3-carboxvlic acid, methyl ester, hydrochloride 
salt 

A slurry of the methyl ester product from part (d) (875 mg., 2.34 mmol.) in absolute ethanol (50 ml.) was treated 
5 with hydrazine hydrate (115 u.i, 118 mg., 2.37 mmol) and the solution was periodically warmed for the first two hours 
to effect solubilization. After stirring at room temperature for 3 days, additional hydrazine hydrate (80 ui, 82.6 mg., 
1.65 mmol) was added and the mixture was stirred for one more day. The reaction was stripped to dryness and the 
white residual solid was stirred in cold (0°C) 0.5 N hydrochloric acid (60 ml.) for 3.5 hours. The solid was removed by 
filtration and the filtrate was made basic with 1 N sodium hydroxide to pH 11-12 and extracted with methylene chloride 
to (3X) and ethyl acetate. The pooled organic extracts were dried (sodium sulfate), filtered and stripped to yield a near 
colorless oil (approx. 600 mg). The oil was treated with water (10 ml.) and 1.0 N hydrochloric acid (3.0 ml.), swirled 
until no more oil was present and the mixture was lyophilized to give 674 mg. of product as a light yellow solid; R, = 
0.64 major spot (n-butanol: water: acetic acid:ethyl acetate, 1:1:1:1). 

75 f) f3R43a,6a(SM,9aPll-Octahvdro-6f[2-fc^ 
3-carboxvlic acid, ethyl ester 

The methyl ester, hydrochloride salt product from part (e) (374 mg., 1.33 mmol.) was partitioned between saturated 
sodium bicarbonate and methylene chloride. The methylene chloride extract was dried (sodium sulfate), filtered and 

20 stripped to give the free amine as a pale yellow oil (302 mg., 1.16 mmol.). Additionally, (S)-2-(acety1thio)benzenepro- 
panoic acid, di cy c Ion exyla mine salt (648 mg., 1.60 mmol) was partitioned between ethyl acetate and 5% potassium 
bisulfate. The ethyl acetate layer was washed with water and brine, then dried (sodium sulfate), filtered and stripped 
to give the free acid as a colorless oil. A mixture of the free amine and the free acid in methylene chloride (9 ml.) was 
treated with hydroxybenztriazole hydrate (550 mg., 4.07 mmol.), cooled to 0°C, and subsequently treated with 1-ethyl- 

25 3-(3-dimethylaminopropyl)carbodiimide (31 3 mg, 1 .63 mmol.). The mixture was stirred at 0°C for 1 hour, then at room 
temperature for 3 hours. Additional 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide(100 mg) was added and stirring 
continued overnight. The solution was diluted with ethyl acetate and washed successively with water, 5% potassium 
bisulfate, water, 50% saturated sodium bicarbonate, and brine, then dried (sodium sulfate), filtered and stripped. The 
resulting yellow oil was flashed chromatographed (Merck silica gel, 30% acetone in hexane) to give 396 mg,.of product 

30 as a 87:13 mixture of side chain diastereomers. This mixture was again flash chromatographed (Merck silica gel, 
35-40% ethyl acetate in hexane) to afford 318 mg., of product as a white foam (94-95% diastereomerically pure); R f = 
0.29 major and 0.26 minor, [6oc(R*) isomer]; [a] D = -84.4° (c = 0.36, chloroform). 

q) f3R-(3a,6a(S*),9a&1l-Qctahvdro-6-f(2-mercapto-1-oxo-3-phenvlpropyl)amino)-5-oxothiazolol3,2-a1 azepine- 
35 3-carboxylic acid 

A solution of the ethyl ester product from part (f) (308 mg., 0.68 mmol.) in methanol (4 ml. , deoxygenated via argon 
bubbling) was treated with 1 N sodium hydroxide (3.5 ml., deoxygenated via argon bubbling) and the homogeneous 
mixture was stirred under argon for 2 hours. The mixture was acidified with 10% potassium bisulfate (15 ml.), diluted 

40 with water, and extracted with ethyl acetate. The ethyl acetate extract was washed with brine, dried (sodium sulfate), 
filtered, and stripped to give a solid. The solid was dissolved in dimethylformamide (1 ml.), diluted with ethyl acetate, 
and flash chromatographed (Merck silica gel, 5% acetic acid in ethyl acetate) to give the desired product as a white 
solid which was triturated with ethyl acetate/ethyl ether, collected by titration, and dried to give 144 mg., of product; m. 
p. 217 - 220°C; R f = 0.52 (5% acetic acid in ethyl acetate); [a] D = -64.3° (c = 0.36, dimethylformamide). NMR analysis 

45 indicated the product was 93% diasteromerically pure with 7% of the corresponding 6a(R*) isomer. 

HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 90% water-10% methanol-0.2% phosporic acid and 
56% B: 10% water-90% methanol-0.2% phosporic acid; flow rate 1.5 ml/min dectecting at 220 nm; t R = 12.27 min 
indicates a purity of >95% (no separation of 6a(S*) and 6ct(R*) isomers dectected by HPLC) 



so 


Anal, calc'd. C 18 H 22 N 2 0 4 S 2 • 0 


• 4 H 2 0: 










C.53.82; 


H.5.72; 


N.6.97; 


S, 15.96; 


SH.8.21 




Found: 


C.53.88; 


H.5.67; 


N.6.78; 


S.15.37; 


SH.4.91. 
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EXAMPLE 12 

f3R43a,6a(S*)-9aB11-Octahvdro-6-ff2^ 
3-carboxylic acid 

5 

Following the procedure of Example 11 but employing (S)-2-[(acetylthio)methyl]benzenepropanoic acid in part (f), 
the title product was obtained as a white solid; m.p. 212 - 213° C; 
R f = 0.55 (5% acetic acid in ethyl acetate); 
[<x] D = -36.5° (c = 0.36, dimethylformamide). 
10 HPLC: YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 90% water-10% methanol-0.2% phosphoric acid and 
56% B: 10% water-90% methanol-0.2% phosphoric acid flow rate at 1.5 mL/min detecting at 220 nm; tR = 15.96 
indicates a purity of 99.2%. 





Anal, calc'd. for C 19 H 24 N 2 0 4 S2: 


75 




C.55.86; 


H.5.92; 


N.6.86; 


S, 15.70; 


SH.8.09 




Found: 


C55.99; 


H.6.01; 


N.6.75; 


S, 15.70; 


SH.7.81. 



EXAMPLE 13 

20 

fS-(R^R*)-^,4-Dihvdro-3-fr2-(mercaptomethvn-1-oxo-3-phenvlpropvl|amino^4-oxo-1,5-benzoxazep^ne-5(2H)-acetic 
acid 

a) N-m ,1-Dimethvlethoxv)carbonvi1-Q-(2-nitrophenvn-L-serine 

25 

A solution of N-[(1 ,1-dimethylethoxy)carbonyl]-L-serine (24.3 g., 0.118 mole) in dry dimethyl-formamide (25 ml.) 
was added dropwise over a period of 1 .0 hour to a cooled (0°, ice-salt bath) suspension of 60% sodium hydride (1 0.1 
g., 0.25 mole) in dry dimethylformamide (200 ml.) and stirring was continued at 0° until the frothing subsided (about 
2.0 hours). The reaction mixture was treated dropwise with 1 -fluoro-2-nitrobenzene (14.3 ml., 0. 1 3 mole) over a period 

30 of 20 minutes stirred at 0° under argon for 4.0 hours then poured into ice-water (750 ml.) and extracted with ethyl 
acetate (2 x 100 ml ). The aqueous phase was brought to pH 1 .0 with 6 N hydrochloric acid (70 ml.), extracted with 
ethyl acetate (3 x 500 ml.) and the combined organic extracts were washed with brine (100 ml.), dried (anhydrous 
sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product mixture was chromatographed 
on a silica gel column (Merck), eluting the column with methylene chloride:methanol:acetic acid (100:5:0.2) to give 

35 27.22 g. of product as a thick yellow syrup; 

R f = 0.27 (methylene ch!oride:methanol:acetic acid, 100:5:0.5). 

b) N-f(1 ,1-Dimethylethoxv)carbonvn-Q-(2-aminophenvl)-L-serine 

40 A solution of the product from part (a) (27. 1 g. , 83 mmoles) in dry methanol (500 ml.) was treated with 1 0% palladium 

on carbon catalyst (900 mg.) and hydrogenated at 40 psi for 2.0 hours. The reaction mixture was filtered through a 
celite pad in a millipore unit, washing the pad well with methanol (5 x 100 ml ). The dark filtrate was evaporated to 
dryness and dried in vacuo to give a dark solid. The crude product was triturated with methylene chloride:hexane (1: 
4) to give 17.69 g. of product as a light tan solid; Rf = 0.15 (methylene chloride: methanol :acetic acid, 20:1:1). 

45 

c) (SV3-rf(Dimethvlethoxv)carbonyllamino1-2.3-dihvdro-1,5-benzoxazepin-4(5H)-one 

A solution of the product from part (b) (16.69 g., 56.3 mmoles) in dry dimethyformamide (121 ml.) was treated with 
1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide (10.64 g., 55.5 mmoles) and stirred at room temperature for 3.0 hours. 
so The reaction mixture was partitioned between ethyl acetate (2 x 492 ml.) and 1 .ON sodium bicarbonate (492 ml.), and 
the combined organic extracts were washed with water (3 x 492 ml.), brine (492 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl acetate:hexane mixtures (1 :4; 1:2; 1:1)to give 10.5 g. of product as off- 
white crystals; Rf = 0.40 (ethyl acetate: hexane, 1:4). 

55 

d) (S)-3-[(Dimethvlethoxv)carbonvnaminol-3,4-dihydro-4-oxo-1,5-benzoxazepine-5(2H)-acetic acid, ethyl ester 

A solution of the product from part (c) (1.0 g., 3.59 mmoles) in dry tetrahydrofuran (10 ml.) was cooled down to 0° 
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(ice-salt bath) under argon, treated with powdered potassium hydroxide (259 mg., 4.6 mmoles) and tetrabutylammo- 
nium bromide (172 mg M 0.53 mmole), stirred for 5 minutes then treated with ethyl 2-bromoacetate (0.50 ml., 1.2 eq.). 
The reaction mixture was stirred at room temperature under argon for 19.0 hours, partitioned betweeen methylene 
chloride (2 x 25 ml.) and water (1 3 ml.) and the combined organic extracts were washed with water (2x13 ml.), brine 
5 (10 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product 
mixture was chromatographed on a silica gel (Merck), eluting the column with ethyl acetate:hexane mixtures (1:9; 1: 
4) to give 860 mg. as a syrup; R f = 0.67 (ethyl acetate:hexanes, 1:1). 

e) (S)'3-Amino-3,4-dihvdro-4-oxO'1,5-benzoxazepine-5(2H)-acetic acid, ethyl ester, hydrochloride salt 

70 

A solution of the product from part (d) (4.0 g., 11 mmoles) in dry dioxane (85 ml.) was treated with 4.0 M hydrochloric 
acid/dioxane (33.6 ml., 0.1 34 mole or 12.2 eq.) and stirred at room temperature for 20 hours. The reaction mixture was 
evaporated to dryness, evaporating the resulting syrup from toluene (2x) and ethanol (Ix) then dried in vacuo to give 
3.466 g. of product as a light gold-colored syrup; R f = 0.48 (methylene chloride: methanol, 9:1) 

75 

H rSJR*,R*)1-3-ff2-f(AceWlthio)methvn-1-oxo-3-phenylpropvnamino]-3,4-dihvdro-4<)xo-1,5-benzoxazepine-5(2H)- 
acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephedrine salt as described previously) was 
20 reacted with the product from part (e) according to the procedure of Example 1 part (b), affording the title product as 
a white syrupy foam; R f = 0.62 (ethyl acetate:hexanes, 1:1). 

g) [S-(R* l R*)l-3,4-Dihvdro-3-f[2-(mercaptomethvl)-1-oxo-3-phenvlpropyllaminol-4-oxo-1,5-benzazepine-5(2H)-acetic 
acid 

25 

A solution of the product from part (f) in methanol was treated with 1.0 N sodium hydroxide according to the 
procedure of Example 1 part (c), affording the title product as an amorphous solid; Rf = 0.62 (methylene chloride: 
methanol:acetic acid, 20:1:1:1); [a] D = -140.2° (c = 0.61, methanol). 1H NMR (400 MHz, CDCI 3 ): 1.43 (t,1H), 2.51 - 
2.90 (m, 5H), 4.17, (t,1H, J = 10 Hz), 4.29 (d,1H, J = 17 Hz), 4.69 (t, 1H, J = 7 Hz), 4.71 (d, 1H, J = 17 Hz), 6.76 (d, 
30 1H), 7.05- 7.26 (m,9H). 





Anal, calc'd. for C 21 H 2 2N20 5 S: 






C.60.86; 


H.5.35; 


N,6.76; 


S.7.74; 


SH.7.98 


35 


Found: 


C.60.85; 


H,5.54; 


N.6.74; 


S.7.66; 


SH.6.29. 



EXAMPLE 14 



[S, (R*,R*)1-3,4-Dihydro-3-[(2-mercapto-1-oxo-3-phenylpropyl)aminol-4-oxo-1,5-benzoxazepine-5(2H) -acetic acid 

40 

a) fS, (R*R*)-3-[[2-(Acetylthio)-1 -oxo-3-phenylpropvnamino1-3,4-dihvdro-4-oxo-1 ,5-benzoxazepine-5(2H)-acetic acid, 
ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.35 g., 3.81 mmoles) was suspended in ethyl 
45 acetate (120 ml.), washed with 5% potassium bisulfate (5 x 20 ml.) and brine (25 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid. 

This free acid was dissolved in dry methylene chloride (25 ml.), cooled down to 0° (ice-salt bath), treated with 
1-hydroxybenztriazole hydrate (541 mg., 4.0 mmoles) and 1-ethyl-3-(3<limethylaminopropyl)carbodiimide (792 mg., 
4. 1 3 mmoles) and stirred at 0° for 1 .0 hour under argon. The solution was treated with (S)-3-amino-3,4-dihydro-4-oxo- 
50 1,5-benzoxazepine-5(2H)-acetic acid, ethyl ester (1.147 g., 3.81 mmoles) and 4-methylmorpholine (0.47 ml., 4.2 
mmoles) and stirring was continued at 0° for 1 .0 hour and at room temperature for 1 .0 hour. The reaction mixture was 
diluted with ethyl acetate (100 ml.), washed successively with water (15 ml.), 5% potassium bisulfate (2 x 15 ml.), water 
(1 5 ml.), saturated sodium bicarbonate (15 ml.) and brine (1 5 ml.), dried (anhydrous sodium sulfate), filtered, evaporated 
to dryness and dried in vacuo . The crude product was chromatographed on a silica gel column (Merck), eluting the 
55 column with ethyl acetate:hexane (1:4) to give 1.21 g. of the product as a syrup. An additional 409.6 mg. of product 
(isomer mixture 1:1 ratio) was also obtained; R f = 0.67 (ethyl acetate:hexanes, 1:4 then 1:1). 
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b) [S,(R\R*)1-3,4-dihvdro-3-[(2-m^ acid 

A solution of the ethyl ester product from part (a) (1.81 g., 2.51 mmoles) in methanol (13 ml.) was purged with 
argon for 30 minutes, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged (argon, 30 

s minutes) solution of 1 .ON sodium hydroxide (10 ml., 4.0 eq.) maintaining the bubbling of argon throughout the addition 
and length of the reaction. The reaction mixture was stirred at 0° for 1 .0 hour, acidified at 0° with 5% potassium bisulfate 
(45 ml.) to pH 1 .0 and extracted with ethyl acetate (2 x 80 ml.). The combined organic extracts were washed with brine 
(20 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was 
dissolved in methylene chloride (1 0 ml.) and treated portionwise with hexane (100 ml.), scratching the mixture to form 

10 a solid. The supernatant was decanted and the solids triturated with hexane (50 ml.) and pentane (2 x 100 ml.), stirring 
with the first 100 ml. of pentane for 4.0 hours and the next 100 ml. overnight under argon. The product was then dried 
in vacuo for 6.0 hours to give 969.7 mg. as an amormphous solid; R f - 0.47 (methylene chloride:methanol:acetic acid, 
20:1:1); [a] D = -143.3° (c = 0.54, methanol). 

1H NMR (400 MHz, CDCI 3 ): 2.02 (d,1H), 3.07 (m,2H), 3.59 (m,1H), 4.09 (t, 1H, J = 10 Hz), 4.24 (d, 1H, J = 17 Hz), 
is 4,63 (t f 1H, J = 8 Hz), 4.73 (d, 1H, J = 17 Hz), 4.93 (m, 1H.) 7.04 - 7.26 (m, 9H), 7.42 (d, 1H). 



Anal, calc'd. for C 20 H 20 N 2 O 5 S -0.147 C 5 H 12 • 0.43 H 2 Q: 







C.59.46; 


H.5.44; 


N.6.69; 


S.7.65; 


SH.7.89 


20 


Found: 


C ,59.46; 


H,5.25; 


N.6.65; 


S.7.88; 


SH.7.84 



EXAMPLE 15 

[3S£j (R*),3a(R^l-3-f(2-Mercapto-1 -oxo-3-phenvlpropvl)aminoVa-methvl-2-oxohexahvdro-1 H-azepine-1 -acetic acid 

25 

a) r3S41(R*).3a(R*)l]-3-f[2-(acetyft^ 
acid, methyl ester 

A cold (0°) solution of [S-(R*,R*)]-3-aminohexahydro-a-methyl-2-oxo-1 H-azepine-1 -acetic acid, methyl ester (374 
30 mg., 1.75 mmol) [prepared as described by Thorsettetal., B Peptides:Structureand Function", Proceeding 8th American 
Peptide Symposium, p 555 (1983)] and (S)-2-(acetylthio)benzenepropanoic acid (393 mg., 1.75 mmol) in methylene 
chloride (10 ml.) was treated with triethylamine (245 u.l, 178 mg., 1.76 mmol) followed by benzotriazol-1 -yioxy-tris 
(dimethylamino)phosphonium hexafluoro-phosphate (775 mg, 1.75 mmol). The clear, nearly colorless solution was 
stirred at 0°C for one hour and then at room temperature for 3 hours. The mixture was partitioned between ethyl acetate 
35 and 0.5 N hydrochloric acid and the ethyl acetate extract was washed successively with water, half saturated sodium 
bicarbonate and brine. The solution was dried (sodium sulfate), filtered and stripped. The residue was flash chroma- 
tographed (Merck silica gel, 70:30 ethyl acetate: hexanes) to give 590 mg. of pure product as a colorless oil/foam; R f 
= 0.43 (ethyl acetate: hexanes, 75:25). 

40 b) f3S-f 1 (R*).3a(R*)]1-3-[(2-Mercapto-1 >oxo-3-phenvlpropvnamino1-a-methyl-2-oxohexahvdro-1 H-azepine-1 -acetic 
acid 

An ice cold solution of the product from part (a) (570 mg., 1 .36 mmol) in methanol (7 ml., deoxygenated via argon 
bubbling) was treated with 1 N sodium hydroxide (5.5 ml., deoxygenated via argon bubbling). After stirring at 0°C for 

45 1.25 hours, the solution was acidified with 1 N hydrochloric acid (9 ml) and extracted with ethyl acetate. The ethyl 
acetate extract was washed with water and brine, then dried (sodium sulfate), filtered and stripped to afford an oil. The 
material was flash chromatographed (Merck silica gel, 2% acetic acid in ethyl acetate). The product containing fractions 
were pooled and stripped, and the residue was taken up in ethyl acetate and washed successively with water and 
brine, then dried (sodium sulfate), filtered and stripped again. The resulting oil/foam was triturated first with ethyl ether 

so and then with hexane to produce a white oil/foam. The mixture was stripped to dryness, slurried in hexane, stripped 
to dryness again, and dried in vacuo to give 470 mg. of product as a white foam; (>98% diastereomeric purity as 
determined by NMR analysis); R f = 0.49 (5% acetic acid in ethyl acetate); [a] D = -37.1° (c = 0.6, chloroform). HPLC: 
YMC S3 ODS column (6.0 x 150 mm); eluted with 44% A: 90% water - 10% methanol-0.2% phosphoric acid and 56% 
B: 10% water-90% methanol-0.2% phosphoric acid; flow rate 1 .5 mt/min detecting at 220 nm; t R = 11 .02 min (98.0%). 



Anal, calc'd. for C 21 H22N 2 0 4 S 2 : 




C.59.32; 


H.6.64; 


N.7.69; 


S.8.80; 


SH.9.07 
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(continued) 



Anal, calc'd. for C 21 H 22 N 2 0 4 S 2 : 
Found: | C,5T27; 



H.6.92; N.7.37; 



S.8.36; SH.8.75. 



EXAMPLE 16 



[6R(S>2,3,6J-Tetrahydro-6-[f2-(mercaptometh^ 
acid 



10 



15 



20 



a) [2-f(Methvlsulfonvnoxvlethyllcarbamic acid, 1,1-dimethvlethyl ester 

Di-fert -butyldicarbonate (21 .8 g., 100 mmol) was added in portions to a stirred solution of ethanolamine (6.1 g., 
100 mmol) in dichloromethane (100 ml.) at 0-5° C. After addition was complete, the cooling bath was removed and 
the solution was stirred at room temperature for five hours. The solvent was removed jn vacuo and the resulting material 
was dissolved in dichloromethane (1 00 ml.) and triethylamine (21 ml. , 1 50 mmol), cooled to -1 0°C and treated dropwise, 
over a period of 10 minutes, with methanesulfonyl chloride (9.25 g., 150 mmol). The mixture was diluted with ethyl 
acetate (200 ml.) and washed with 1N hydrochloric acid and water. The ethyl acetate layer was dried (magnesium 
sulfate), filtered, and freed of solvent in vacuo to give the product as a viscous oil which was used without purification. 



b) S-f2-f[(1,1-Dimethvlethoxv)carbonynaminolethvll-N-f(phenyimethoxv)carbonvl1-L-cysteine, diphenylmethyl ester 



A solution of N-[(phenylmethoxy)carbonyl]-L-cysteine, diphenylmethyl ester (1 2.7 g., 30. 1 mmol.) and the product 
from part (a) (7.20 g., 30.1 mmol) in dimethylformamide (190 ml.) was treated with spray dried potassium fluoride (25 
g., 430 mmol) and stirred at 70 - 75°C, under an atmosphere of argon, for 20 hours. After cooling, the mixture was 
partitioned between ethyl acetate (800 ml.) and water (400 ml.). The organic layer was washed with brine (300 ml.), 
dried (magnesium sulfate), filtered, and freed of solvent in vacuo leaving an oil. This was chromatographed on silica 
gel (Merck, -1000 ml.), eluting with mixtures of ethyl acetate andhexane (1:4, 1:3 and 1:2), to give 9.13 g. of product; 
R f = 0.35, (ethyl acetate:hexanes, 1:2). 

c) (R)-Tetrahydro-6-f[(phenylmethoxv)carbonyl]'aminol-1,4-thiazepin-5(4H)-one 

A solution of the product from part (b) (6.1 3 g., 1 0.86 mmol) in anisole (30 ml.) and trifluoroacetic acid (45 ml.) was 
stirred at room temperature for two hours and then concentrated in vacuo . The residual oil was diluted with isopropyl 
ether (40 ml.), stirred, and the isopropyl ether layer was decanted. This process was repeated once more and the 
residue was dried in vacuo . A mixture this material and diphenylphosphoryl azide (4.4 g., 1 6 mmol) in dry dimethylfor- 
mamide (75 ml.) under an argon atmosphere was cooled in an ice bath and, while stirring, 4-methylmorpholine (4.45, 
44 mmol) was added dropwise. After addition was complete, the mixture was allowed to warm to room temperature 
and left stirring for 20 hours. The mixture was partitioned between ethyl acetate (150 ml. and water (100 ml.). The 
layers were separated and the aqueous layer was reextracted with ethyl acetate (50 ml.). The combined organic layers 
were washed with saturated potassium bisulfate solution (30 ml ), saturated sodium bicarbonate solution (50 ml.), and 
brine (50 ml.), dried (magnesium sulfate), and freed of solvent in vacuo . The remaining material was triturated with 
isopropyl ether to give 2.45 g. of white solid product. R f = 0.27, (ethyl acetate: hexanes, 1:1). 

d) (R)-Tetrahvdro-5-oxo-6-[f(phenylmethoxv)carbonvnamino1-1,4-thiazepine-4(5H)-acetic acid, ethyl ester 

A solution of the product from part (c) (3.55 g., 12.68 mmol) in distilled tetrahydrofuran (40 ml.), under an atmos- 
phere of argon, was cooled to 0°C and treated with powdered potassium hydroxide (2.16 g., 40 mmol) and tetrabuty- 
lammonium bromide (420 mg., 1 .3 mmol). Ethyl bromoacetate (2.58 g., 1 5.43 mmol) was added dropwise. The mixture 
was stirred cold for two hours and then diluted with ethyl acetate (50 ml ), and anhydrous magnesium sulfate was 
added. The reaction mixture was filtered through a magnesium sulfate pad and the pad was washed several times 
with ethyl acetate. The filtrate was treated with 1N hydrochloric acid solution (50 ml.) and the layers were separated. 
The organic layer was dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving an oil which was purified 
by chromatography on silica gel, eluting with 10-30% ethyl acetate in hexane to give 3.22 g. of product as a viscous 
oil; R f = 0.60 (ethyl acetate: hexanes, 1:1). 
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(R)-6-Aminotetrahvdro-5-oxO'1.4-thiazepine'4(5H)-acetic acid, ethyl ester, hydro bromide salt 

The product from part (d) (3.17 g., 8.65 mmol) was treated with 30% hydrogen bromide in acetic acid (14 ml ). The 
mixture was stirred at room temperature for one hour and then diethyl ether (200 ml.) was added. After stirring at room 
s temperature for one hour, the precipitated salt was harvested by filtration and washed several times with ether. The 
slightly gummy material was dissolved in hot ethanol and the solvent was removed in vacuo . This process was repeated 
once. Diethyl ether was added to the remaining material and the hydrobromide salt product (2.52 g.) was harvested 
by filtration as a yellow solid. 

70 n r6R(S*)1-2.3.6J-Tetrahvdro-6-ff2-f(acet^ 
acetic acid, ethyl ester 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephredine salt as described previously) was 
reacted with the product from part (e) according to the procedure of Example 1 part (b), affording the title product; R f 
75 = 0.40 (ethyl acetate :hexanes, 1:1). 

q) f6R(S^1-2,3,6,7-Tetrahvdro-64r2-(mercaptom 
acetic acid 

20 A solution of the product from part (f) in methanol was treated with 1 N sodium hydroxide according to the procedure 

of Example 1 part (c), affording the title product as a white solid foam; m.p. 85-101° C; 

R f = 0.35 (8% methanol in dichioromethane plus 2 drops acetic acid/5 ml.); [a] D = -9.5° (C = 0.6, methanol). HPLC:R T 
= 13.2 min., 50 % aqueous methanol containing 0.2% phosphoric acid, 1 .5 ml./min., detected at 220 mm, YMC S-3 
(ODS), 6.0 x 150 mm., 3 micron spherical end capped column. H.I. = >95%. 
25 , 



Anal.calc'd.for C 17 H 22 N 2 0 4 S 2 . 0.15 H 2 Q ■ 0.15 C 6 H 14 : 





C.60.24; 


H.5.71; 


N.6.11; 


S.13.98 


Found: 


C.60.01; 


H.5.77; 


N.5.94; 


S, 13.64. 



30 

EXAMPLE 17 

r6R(S*)1-2,3.67-Tetrahydro-6-r(2-mercapt acid 

35 aU6R(Sni-2,3.6.7-Tetrahvdro-64f2-(ac^^ acid - 
ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as described previously) was 
reacted with the product from Example 16 part (e) according to the procedure of Example 2 part (b), affording the title 
40 product; R f = 0.29 (ethyl acetate: hexane, 1:1). 

b) f6R(Sni-2,3,6,7-Tetrahydro-6-r(2-mercapto-1 -oxo 3-phenylpropvl)amino1-5-oxo-1 ,4-thiaz epine-4(5H)-acetic acid 

A solution of the product from part (a) in methanol was treated with 1.0 N sodium hydroxide according to the 
45 procedure of Example 2 part (c), affording the title product as a solid foam; m.p. 69-76°C. R f = 0.29, (8% methanol in 
dichioromethane plus 2 drops acetic acid/5 ml.). 



50 



Anal, calc'd. for C 22 H 24 N 2 0 4 S 2 


• 0.1 C 4 H 8 0 2 : 




C.52.21; 


H.5.56; 


N.7.43; 


S, 17.00 


Found: 


C.52.27; 


H.5.54; 


N.7.35; 


S.16.98. 
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EXAMPLE 18 

f3R-f3a 1 6afS^ll-Tetrahvdro-6-(2'mercapto-1-oxO'3-phenvl)propyl)aminol-5-oxo-3-phenvlO t 4-th -4(5H)- 
acetic acid 

5 

a) (3R-cis)-Tetrahvdro-5-oxo-3-phenyl-6-f[(phenylmethoxy)carbonynamino1-1 ,4-thiazenine-4(5H)-acetic acid, ethyl 
ester 

A solution of (3R-cis)-tetrahydro-3-phenyl-6-[[(phenylmethoxy^ (1.16 g., 

10 3.25 mmol) [prepared as described by Yanagisawa et al., J. Med. Chem., Vol. 30, p. 1984 1991 (1987)] in distilled 
tetrahydrofuran (30 ml.), under an atmosphere of argon, was cooled to 0°C and treated with powdered potassium 
hydroxide (540 mg., 10 mmol) and tetrabutylammonium bromide (97 mg, 0.3 mmol). Ethyl bromoacetate (501 mg., 3 
mmol) was added dropwise with stirring. The mixture was stirred cold for two hours and then additional ethyl bromoa- 
cetate (501 mg., 3 mmol) was added. The mixture was stirred cold for an additional two hours and then diluted with 
ethyl acetate (50 ml) and anhydrous magnesium sulfate was added. The reaction mixture was filtered through a mag- 
nesium sulfate pad and the pad was washed several times with ethyl acetate. The filtrate was poured into cold 1N 
hydrochloric acid solution (40 ml) and the layers were separated. The organic layer was dried (magnesium sulfate), 
filtered and freed of solvent in vacuo leaving an oil which was purified by chromatography on silica gel, eluting with 
10-30% ethyl acetate in hexane to give 730 mg. of product; Rf = 0.32 (ethyl acetate:hexanes, 1 :2). 

20 

b) (3R-cis)-6-Aminotetrahydro-5-oxo-3-phenvl-1,4-thiazepine-4(5H)-acetic acid, ethyl ester, hydrobromide salt 

The product from part (a) (1.43 g., 3.23 mmol) was treated with 30% hydrogen bromide in acetic acid (5.5 ml ). 
The mixture was stirred at room temperature for two hours and then diethyl ether (100 ml.) was added. After stirring 
25 at room temperature for one hour, the precipitated salt was harvested by filtration and washed several times with ether 
to give 1 .08 g. of the hydrobromide salt product as a beige solid. 

c) f3R-f3a,6a(S*)]l-6-ff2-(Acetvlthio)-1-oxo-3-phenvlpropvnamino]-tetrahvdro-5-oxo-3-phenvl-1,4-thiazepine-4(5H)- 
acetic acid, ethyl ester 

30 

A suspension of the dicyclohexylamine salt of (S)-2-(acetylthio)benzenepropanoic acid (736 mg., 1.81 mmol) in 
ethyl acetate (30 ml.) was washed twice with 0.1 N hydrochloric acid (40 ml., 20 mi.) and once with brine (20 ml.), dried 
(magnesium sulfate), filtered, and freed of solvent jn vacuo leaving the free acid as an oil. 

The hydrobromide salt product from part (b) (640 mg., 1.65 mmol) was dissolved in dichloromethane (30 ml.), 

35 washed with sodium bicarbonate solution (2 x 20 ml. ), then brine (20 ml.), dried (magnesium sulfate), filtered, and freed 
of solvent in vacuo leaving the free amine as a viscous oil (495 mg.). This and the free acid above were dissolved in 
dichloromethane (20 ml.) under an atmosphere of argon and cooled to 0°C. 1 -Hydroxybenzotriazole hydrate (256 mg., 
1 .90 mmol) and 1 -ethyI-3-(3 -dimethylaminopropyl)carbodiimide (362.5 mg., 1 .90 mmol) were added. The mixture was 
stirred cold for three hours and then diluted with dichloromethane (30 ml.). The solution was washed with water (15 

40 ml.), 5% potassium bisulfate solution (15 ml.), sodium bicarbonate solution (15 ml.), and water (15 ml.). The dichlo- 
romethane solution was dried (magnesium sulfate), filtered and freed of solvent in vacuo . The remaining material was 
chromatographed on silica gel (Merck, approximately 150 ml.), eluting with 25% ethyl acetate in hexane to give 610 
mg. of product; R f = 0.53 (ethyl acetate:hexanes, 1:1). 

45 d) [3R-f[3a,6a(S*)l1-Tetrahydro-6-[(2-mercapto-1 -oxo-3-phenvlpropyl)aminol-5-oxo-3-phenyl-1 ,4 -thiazepine-4(5H)- 
acetic acid, mixture of methyl and ethyl esters 

A solution of the product from part (c) (610 mg., 1.185 mmol) in methanol (12 ml.) was purged with argon for 15 
minutes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise with 1 N sodium 

50 hydroxide solution (4.75 ml.) which had been purged with argon for 30 minutes just before use. The mixture was stirred 
cold for 75 minutes and then acidified to pH 1 with 5% potassium bisulfate solution. The product was extracted into 
ethyl acetate (2 x 40 ml.). The combined organic extracts were washed with brine, dried (magnesium sulfate), filtered 
and freed of solvent in vacuo leaving 533 mg. of product that slowly crystallized. The NMR and mass spectra of this 
material indicated it was a mixture of methyl and ethyl esters. Rj = 0.76 (5% methanol in methylene chloride plus 2 

55 drops acetic acid/5 ml.) 
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e) [3R-f3a,6a(S*)11-Tetrahydro^-[(2-mercap 
acetic acid 

The product from part (d) (4B0 mg., approximately 1.03 mmol) was added to methanol (12 ml.). The material 
5 crystallized out. Distilled tetrahydrofuran (5 ml.) was added and the mixture became a clear solution which was purged 
with argon for 1 5 minutes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise 
with 1 N sodium hydroxide solution (4 ml.) which had been purged with argon for 30 minutes just before use. The mixture 
was kept cold and under argon for 27 hours. At this time TLC indicated that the hydrolysis of the ester was complete. 
The mixture was acidified to pH 1 with 5% potassium bisulfate solution. The product was extracted into dichloromethane 
w (2 x 30 ml.). The combined organic extracts were washed with brine, dried (magnesium sulfate), filtered and freed of 
solvent in vacuo leaving a white solid foam. This was dissolved in dichloromethane and hexane was added to turbidity. 
The mixture was freed of solvent in vacuo leaving a solid. This was triturated with 20% hexane in ether. White solid 
was harvested by filtration, washed with cold 50% hexane in ether to give 350 mg. of product; m.p.175 - 182°C; R f = 
0.42 (5% methanol in methylene chloride plus 2 drops acetic acid/5 ml.); [a] D = +26.7° (c = 0.8, methanol). HPLC: R T 
*5 = 8.0 min., 66.8% aqueous methanol containing 0.2% phosphoric acid, 1.5 ml./min., detected at 220 mm, YMC S-3 
(ODS), 6.0 x 150 mm, 3 micron spherical end capped column. H.I. = >95%. 



20 



Anal, calc'd. for C 2 2H24N 2 0 4 S 2 : 


Found: 


C.59.44; 
C59.52; 


H.5.44, 
H.5.54; 


N.6.30; 
N.6.08; 


S, 14.42 
S.14.14. 



EXAMPLE 19 

25 f3R43a < 6a(S*)1l-Tetrahvdro-6"ff2-(mercaptomethvl)'1-oxo-3-phenvlpropvllamino1-5-oxo-3-phenylO,4-thiazepine^ 
(5H)-acetic acid 

a) r3R43a.6a(S*))11-Tetrahvdro-6-fl2-f(acetvlthio)methvn-1-oxo-3-phenvlpropvl1amino1-9-oxo-3-phenyl- 
1,4-thiazepine-4(5H)-acetic acid, mixture of methyl and ethyl esters 

30 

A suspension of the ephredrine salt of (S)-2-[(acetylthio)methyl]benzenepropanoic acid (853 mg., 2.11 mmol.) in 
ethyl acetate (40 ml.) was washed twice with 0.1 N hydrochloric acid (40 ml., 20 ml.), once with brine (20 ml.), dried 
(magnesium sulfate), filtered, and freed of solvent jn vacuo leaving the free acid as an oil. 

(3R-cis)-6-Aminotetrahydro-5-oxo-3 -phenyl-1 ,4-thiazepine-4(5H)-acetic acid, mixture of methyl and ethyl esters, 

35 hydrobromide salt (320 mg. of ethyl ester, 0.82 mmol. and 410 mg. of methyl ester, 1 .09 mmol) [prepared as described 
in Example 18(b)] were dissolved in dichloromethane (30 ml.), washed with sodium bicarbonate solution (2 x 20 ml.), 
brine (20 ml.), dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving the free amine as a viscous oil 
(495 mg., 98%). This and the free acid described above were dissolved in dichloromethane (20 ml.) under an atmos- 
phere of argon and cooled to 0°C. 1 -Hydroxy benzotriazole hydrate (285 mg., 2.11 mmol) and 1 -ethyl-3-(3-dimethyl- 

40 aminopropyl)carbodiimide (403 mg., 2.11 mmol) were added. The mixture was stirred cold 3.5 hours and then diluted 
with dichloromethane (30 ml.). The solution was washed with water (15 ml.), 5% potassium bisulfate solution (15 ml.), 
sodium bicarbonate solution (1 5 ml.), and water (1 5 ml.). The dichloromethane solution was dried (magnesium sulfate), 
filtered and freed of solvent in vacuo . The remaining material was chromatographed on silica gel (Merck, 170 ml ), 
eluting with 25% ethyl acetate in hexane to give 535 mg. of product; R, = 0.68 and 0.63, (ethyl acetate: hexanes, 1:1). 

45 

b) [3R-(3a,6a(S*)11Tetrahvdro-6-f[2-(merc^ 
4(5H)-acetic acid 

The product from part (a) (493 mg., approximately 0.98 mmol) was dissolved in methanol (12 ml.) and purged with 
50 argon for 15 minutes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise 
with 1 N sodium hydroxide solution (4 ml.) which had been purged with argon for 30 minutes just before use. The mixture 
was kept cold and under argon for 48 hours. At this time TLC indicated that the hydrolysis of the ester was complete. 
The mixture was acidified to pH 1 with 5% potassium bisulfate solution. The product was extracted into dichloromethane 
(2 x 30 ml.). The combined organic extracts were washed with brine (20 ml.), dried (magnesium sulfate), filtered and 
55 freed of solvent in vacuo leaving a white glassy foam. 25% Hexane in ether (20 ml.) was added and, on stirring, a white 
solid formed. This was harvested by filtration and washed with 50% hexane in ether to give 342 mg., of product; m.p. 
170-174°C, R f - 0.43, (5% methanol in methylene chloride plus 2 drops acetic acid/5 ml.); [<x] D = +32.8° (c = 0.9, 
methanol). HPLC: R T = 8.6 min., 66.8% aqueous methanol containing 0.2% phosphoric acid, 1.5 ml./min., detected at 
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220 min. YMC S-3 (ODS), 6.0 x 150 mm, 3 micron spherical end capped column. H.I. = >95%. 





Anal, calc'd. for C 2 3H2eN 2 0 4 S 2 : 


5 




C.60.24; 


H.5.71; 


N.6.11; 


S.13.98 




Found: 


C.60.25; 


H,5.77; 


N.6.06; 


S.13.85. 



EXAMPLE 20 



ro [2R-{2a,6B(SM11-Tetrahvdro-6-f[2-(mercaptomem^^ -thiazepine-4 
(SH)-acetic acid 

a) (2R-trans)-Tetrahvdro-2-phenvl-64[(phenylmethoxv)carbonvnaminol-1,4-thia2epine-5(4H)-one 

75 A suspension of (2R-trans)-6-aminotetrahydro-1 ,4-thiazepin-5(4H)one (5.82 g.) [prepared as described by Yan- 

agisawa et al., J. Med Chem., Vol. 30, p. 1 984 - 1 991 (1 9B7)] in a mixture of d ich I orom ethane (1 25 ml.) and triethylamine 
(11 ml.) was treated with di-tert- butyl dicarbonate (6 g.) and stirred at room temperature four hours. The mixture was 
diluted with dichioromethane (100 mi.) and washed with water. The dichloromethane solution was dried (magnesium 
sulfate), filtered and freed of solvent jn vacuo leaving a pale yellow solid. This was chromatographed on silica gel, 

20 eluting the product with ethyl acetate:hexane (1:1) followed by ethyl acetate to give 2.01 g. of product as a white solid. 

b^ f2R4ransVTetrahvdro-5-oxO'2-phenvl-64f(phenylmethoxv)carbonvnaminol-1 l 4'thiazepine-4(5H)-acetic acid, 
methyl ester 

25 A solution of the product from part (a) (1.95 g., 6.05 mmol) in distilled tetrahydrofuran, under an atmosphere ol 

argon, was cooled to 0°C and treated with powdered potassium hydroxide (1.10 g., 18.15 mmol, 3 eq.) and tetrabuty- 
lammonium bromide (195 mg.). Ethyl bromoacetate (800 ul, 7.26 mmol, 1.2 eq) was added dropwise over a period of 
30 minutes. The mixture was stirred cold for two hours and then diluted with dichloromethane (300 ml.) and water (50 
ml.). Dilute hydrochloric acid solution (75 ml.) was then added and the layers were separated. The aqueous layer was 

30 reextracted with dichloromethane (100 ml.). The combined organic layers were dried (magnesium sulfate), filtered and 
freed of solvent in vacuo leaving a white foam. The foam was dissolved in a mixture of ethyl acetate and dichlorometh- 
ane and treated with an excess of a solution of diazomethane in ether The resulting methyl ester was purified by 
chromatography on silica gel, eluting with ethyl acetate:hexane (1 : 1 ) to give 2. 1 93 g. of product; R f = 0.49 (ethyl acetate: 
hexanes, 1:1). 

35 

c) (2R-trans)-6-Aminotetrahvdro-5-oxo-2-phenyl-1 ,4-thiazepine-4(5H)-acetic acid, methyl ester, hydrochloride salt 

The product from part (b) (2.19 g., 5.56 mmol) was cooled in an ice bath and treated with a 4N solution of hydro- 
chloric acid in dioxane (15 ml.). The mixture was stirred cold for one hour, during this period a gel formed. The cooling 
40 bath was removed and the mixture was stirred at room temperature for one hour. The solvent was removed in vacuo 
and toluene was added once and removed in vacuo leaving 1 .84 g. of product as a solid. 

d) f2R-f2a, 6&fS*))1l-Tetrahvdro-6-[f2-r(acetvlthio)methvl1-1 -oxo-3-phenvlpropyl1amino1-1 -oxo-2 -phenyl- 
1,4-thiazepine-4(5H)-acetic acid, methyl ester 

45 

S)-2-[(Acetylthio)methyl]benzenepropanoic acid (obtained from the ephredine salt as described previously was 
reacted with the product from part (c) according to the procedure of Example 1 part (b), affording the title product; R f 
= 0.51 (ethyl acetate: hexanes, 1 :1). 

so e) [2R-f2a,6B(S*)11-Tetrahydro-6-ff2^^ 
4(5H)-acetic acid 

A solution of the product from part (d) in methanol was treated with 1 N sodium hydroxide according to the procedure 
of Example 1 part (c), affording the title product; m.p. 197 - 199° C; R f = 0.41 (5% methanol in dichloromethane plus 
55 2 drops acetic acid/5 ml.); [a] D = +27. 1 0 (c = 0.5, methanol). 



37 



EP 0 599 444 B1 





Anal, calc'd. for C 2 3H26N 2 0 4 S 2 : 






C.60.24; 


H.5.71; 


N.6.11; 


S.I 3.98 


5 


Found: 


C.60.01; 


H.5.77; 


N.5.94; 


S, 13.64. 



EXAMPLE 21 



f2R-[2a,6p(S*)1l-Tetrahydro-6-[(2-mercapto-1-ox -4(5H)- 
70 acetic acid 

a) [2R-[2a,6&(S*)11Tetrahydro-6-f[2^ 
acetic acid methyl ester 

75 A suspension of the dicyclohexylamine salt of (S)-2-(acetylthio)benzenepropanoic acid (1 . 1 3 g. , 2.8 mmol) in ethyl 

acetate (50 ml.)was washed twice with 0.1N hydrochloric acid (50 ml., 25 ml.), once with brine (25 ml ), dried (magne- 
sium sulfate), filtered and freed of solvent in vacuo leaving the free acid as an oil. This was dissolved in dichloromethane 
(15 ml.) under an atmosphere of argon and cooled to 0°C. 1 -Hydroxybenzotriazole hydrate (405 mg., 3.0 mmol) and 
1 -ethyl-3-(3 dimethylaminopropyl)carbodiimide (592 mg, 3. 1 mmol) were added. The mixture was stirred cold one hour 

20 before the amine hydrochloride salt product from Example 20(c) (920 mg., 2.79 mmol, was added followed by 4-meth- 
ylmorpholine (306 u.L, 2.79 mmol). The mixture was stirred cold for one hour and one hour at room temperature, then 
diluted with dichlorom ethane (70 ml.). The solution was washed with water (15 ml.), 5% potassium bisulfate solution 
(15 ml.), sodium bicarbonate solution (15 ml.), and water (1 5 ml ). The dichloromethane solution was dried (magnesium 
sulfate), filtered and freed of solvent in vacuo . The remaining material was chromatographed on silica gel (Merck, 160 

2$ ml.), eluting with mixtures of ethyl acetate and hexane (1 :3 followed by 1 :2) to give 880 mg. of product; R f = 0.57 (ethyl 
acetate:hexanes 1:1). 

b) [2R-f2a,6P-(S*)11-Tetrtahydro-6-[(2-merc^ 
acetic acid 

30 

A solution of the product from part (a) (880 mg., 1.75 mmol) in methanol (12 ml.) was purged with argon for 15 
minutes, cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise with 1 N sodium 
hydroxide solution (7.0 ml.) which had been purged with argon for 30 minutes just before use. The mixture was stirred 
cold for 70 minutes and then acidified to pH 1 with 5% potassium bisulfate solution. The product was extracted into 

35 ethyl acetate (2 x 40 ml.). The combined organic extracts were washed with brine, dried (magnesium sulfate), filtered 
and freed of solvent in vacuo leaving a white partially solid material. Ether was added and a white solid was harvested 
by filtration and washed with additional ether to give 494 mg. of product; m.p.181-183°C, R f = 0.43 (5% methanol in 
dichloromethane + 2 drops acetic acid/5 ml.); [a] D = + 6.7° (c = 0.7, methanol). HPLC: R T = 9.6 min., 66.8% aqueous 
methanol containing 0.2% phosphoric acid, 1 .5 ml./min., detected at 220 mm, YMC S-3 (ODS), 6.0 x 1 50 mm, 3 micron 

40 spherical end capped column. H.I. = 98%. The NMR indicates approximately 0.1 M of trapped ethyl acetate. 



45 



Anal, calc'd. for C22H24N2O4S2 


• 0.1 C 4 H 8 0 2 : | 




C.59.34; 


K5.51; 


N.6.18; 


S.14.14 


Found: 


C.59.22; 


H.5.41; 


N.6.12; 


S, 13.72. 



EXAMPLE 22 

rR-(R*,S*)1-2,3,4,5-Tetrahvdro-3-f(2-mercapto-1-oxo-3-phenylpropyl)amino1-2-oxo-1H-benzazepine-1 -acetic acid 

50 

a) (R)-2,3,4,5-Tetrahydro-3-amino-2-oxo-1H-benzazepine-1 -acetic acid, ethyl ester 

2,3,4,5-Tetrahydro-3-amino-2-oxo-1H-benzazepine-1 -acetic acid, ethyl ester [prepared as described by Watthey 
et al., J. Med Chem., 28, p 1511-1516 (1985)] (14.8 g., 56.4 mmoles) was resolved via its L-tartaric acid salt by the 
55 method described in the aforementioned reference to give the S-amine (3.927 g., m.p. 105-107°; [a] D = -277° (c = 
0.99, ethanol). The residue from the combined mother liquors (21 .5 g., 52.1 mmoles) was suspended in ethyl acetate 
(340 ml.), washed twice with 10 % NH 4 OH (41 ml. then 30 ml.) and brine (25 ml.), dried (anhydrous sodium sulfate), 
filtered, evaporated to dryness, and the resulting product dried in vacuo to give the amine mixture (7.01 g.) enriched 
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with the R isomer. A solution of the isomer mixture (2.285 g., 8.71 mmoles) in absolute ethanol (18 ml.) was treated 
with D-tartaric acid (1 .31 g., 8.73 mmoles) and heated on a steam bath until solution was effected. The clear solution 
was cooled down to room temperature, allowed to stand for two days then cooled down to 0° (ice-salt bath) and 
scratched until crystals formed. The crude salt (2.585 g.) was recrystallized once from absolute ethanol (1 4 ml.) to give 
5 the desired salt [2.158 g., [<x] D = +154.1°,(c = 0.6, methanol)]. The salt was then suspended in ethyl acetate (35 ml.), 
washed with 10% NH 4 OH (2 x 4 ml.) and brine (6 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness 
and dried in vacuo to give 1.31 g. of product; Rf = 0.60 (methylene chloride:methanol, 9:1); [a] D = + 273.1°, (c = 0.677, 
methanol). 

70 b) [R-f^S'll^.SAS-Tetrahvdro-S-fre-fac^^ 
acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as described previously) was 
reacted with the product from part (a) according to the procedure of Example 2 part (b), affording the title product as 
is a syrup; R f = 0.57 (ethyl acetate:hexanes, 1:1). 

c) rR-(R* l S*)1-2,3,4,5-Tetrahvdro-3-r(2-mercapto-1-oxo-3-phenvlpropyl)aminol-2-oxo-1H-benzazepine-1-ace acid 



20 



25 



A solution of the product from part (b) in methanol was treated with 1 N sodium hydrioxide according to the procedure 
of Example 2 part (c) affording the title product as an amorphous solid; R f = 0.67 (methylene chloride:methanol:acetic 
acid, 20:1:1); {a] D = +230.9° (c = 0.57, methanol). 



Anal, calc'd. for C 21 H 22 N 2 0 4 S: 



Found: 



C.63.30; 


H.5.56; 


N.7.03; 


S.8.05; 


C.63.23; 


H.5.80; 


N.6.76; 


S.7.99; 



SH.8.30 
SH,7.67. 



30 



1 H-NMR(400 MHz, CDCI 3 ): 81.65 (m, 1 H), 2.06 (d, 1 H), 2.51 (m, 2 H), 2.94 (dd, 1 H, J= 7, 13 Hz), 3.17 (m, 2 H), 
3.40 (m, 1 H), 4.39 (d, 1 H, J= 17 Hz), 4.45 (m, 1 H), 4.67 (d, 1 H, J= 17 Hz), 7.05-7.31 (m, 9 H). 

EXAMPLE 23 



fR-(R*,S*)1-2 l 3,4,5-Tetrahydro-3-ff2-(mercaptomethvl)-1-oxo-3-phenylpropyl1amino1-1H-benzazepine-1 -acetic acid 

35 Following the procedure of Example 22 but employing (S)-2-[(acetylthio)methyl]benzenepropanoic acid in part (b), 

the title product is obtained as an amorphous solid; R f = 0.53 (methylene chloride:methanol:acetic acid, 20:1 :1); 
[<x] D = + 253.9° (c = 0.38, methanol). 





Anal, calc'd. for C 22 H 2 4N 2 0 3 S: 


40 




C64.06; 


H.5.86; 


N.6.79; 


S.7.77 




Found: 


C63.83; 


H.6.08; 


N,6.40; 


S.7.75. 



1 H-NMR(400MHz, CDCI 3 ):51.51 (m, 2 H), 2.32-2.52 (m, 4 H), 2.77 (m, 3 H), 3.17 (m, 1 H), 4.36 (d, 1 H, J= 17 Hz), 
45 4.48 (m, 1 H), 4.70 (d, 1 H, J= 17 Hz), 6.53 (d, 1 H), 7.11-7.30 (m, 9 H). 



EXAMPLE 24 



fS-(R*,S # )1-2,3,4,5-Tetrahvdro-3-[(2-mercapto-1-oxo-3-phenvlpropyl)amino1-2-oxo-1H-1-benzazapine-1 -acetic acid 

50 

a) (S)-a-Bromobenzenepropanoic acid 

A solution of L-phenylalanine (30.0 g., 0.175 mole) and potassium bromide (73.5 g., 0.618 mole) in 2.5 N sulfuric 
acid (365 ml.) was cooled down to 0° (ice-salt bath) and treated portionwise with sodium nitrite (19.3 g., 0.28 mole) 
55 over a period of 1 .0 hour. Stirring was continued for 1.0 hour at 0° and at room temperature for 1.0 hour after which 
the reaction mixture was extracted with ether (3 x 250 ml.). The combined organic extracts were washed with water 
(100 ml.) and brine (50 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo 
to give 34.46 g., of product; 
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R f = 0.45 (toluene:acetic acid, 95:5). 

b) (R)-a-(Acetylthio)benzenepropanoic acid, dicyclohexylamine satt 

5 A suspension ot potassium thioacetate (19.25 g., 0.168 mole) in dry acetonitrile (300 ml.) was cooled down to 0° 

(ice-salt bath) and treated dropwise with a solution of the product from part (a) (34.462 g., 0.15 mole) in dry acetonitrile 
(35 ml.) over a period of 15 minutes. The reaction mixture was warmed up to room temperature, stirred for 5.0 hours 
under argon then filtered, washing the solids thoroughly with acetonitrile (125 ml.). The clear filtrate was evaporated 
to dryness and dried in vacuo . The free acid (39.717 g., orange syrup) was dissolved in ether (400 ml.), treated with 

to dicyclohexylamine (30.2 ml., 1 .0 eq.) and stirred for 30 minutes at room temperature under argon. The white precipitates 
were filtered off, washed thoroughly with ethyl ether (2 x 100 ml.) and dried in vacuo overnight at room temperature to 
give 41 .0 g.of product; [a] D = +31 .8° (c = 1 .4, methanol). 



c) rS-(R\S*)1-2,3,4,5-Tetrahvdro-3-[f2-(acetytt^ 
is acid, ethyl ester 

A suspension of the dicyclohexylamine salt of (R)-a-(acetyrthio)benzenepropanoic acid (850 mg., 2.1 mmoles) in 
ethyl acetate (60 ml.) was washed with 5% potassium bisulfate (5 x 10 ml.) and brine (10 ml.), dried (anhydrous mag- 
nesium sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid as a clear syrup (497 mg.) in 
20 quantitative yield. 

The free acid was dissolved in dry methylene chloride (1 2 ml ), cooled down to 0° (ice-salt bath) and treated with 
1 -hydroxybenzotriazole hydrate (297 mg., 2.20 mmoles) and 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide (435 mg., 
2.27 mmoles). The reaction mixture was stirred at 0° under argon for 1.0 hour, treated with (S)-2,3,4,5-tetrahydro- 
3-amino-2-oxo-1H-benzazepine-1 -acetic acid, ethyl ester [prepared as described by Watthey et al., J. Med. Chem., 

25 28, p 1 51 1 - 1 516 (1 985)] (500 mg. , 1 .91 mmoles) and stirring was continued at 0° for 1 .0 hour and at room temperature 
for 1 .0 hour. The solution was diluted with ethyl acetate (50 ml.) , washed successively with water (8.0 ml.), 5% potas- 
sium bisulfate (2x8 ml.), water (8.0 ml.), saturated sodium bicarbonate (8.0 ml.) and brine (8.0 ml.), dried (anhydrous 
sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a 
silica gel column (Merck), eluting the column with ethyl acetate: hexanes (1:4) to give 714 mg. of product as a clear 

30 syrup; R f = 0.62 (ethyl acetate.hexanes, 1:1). 



d) rS-(R*,S*)1-2,3 > 4 1 5-Tetrahvdro-3-[(2-mercapto-1-oxo-3-phenvlpropyl)amino]-2-oxo-1H-1-benzazepine-1 -acetic acid 



35 



40 



45 



50 



A solution of the product from part (c) (714 mg., 1.52 mmoles) in methanol (9.0 ml.) was purged with argon for 30 
mintues, cooled down to 0° (ice-salt bath) then treated dropwise with a previously purged solution of 1.0 N sodium 
hydroxide (6.0 ml., 4 eq.), maintaining the bubbling of argon throughout the addition and length of the reaction. The 
reaction mixture was stirred at 0° for 1 .0 hour, acidified to pH 2.0 with 5% potassium bisulfate (26 ml.) and then extracted 
with ethyl acetate (2 x 50 ml.). The combined organic extracts were washed with brine (14 ml.), dried (anhydrous 
sodium sulfate), filtered, evaporated to dryness and dried in vacuo. The crude product was dissolved in methylene 
chloride (5.0 ml.) and treated protionwise with hexane (50 ml.), scratching to form a solid. The supernatant was decanted 
and the solids triturated with additional hexane (50 ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. of 
pentane for 4.0 hours and the next 100 ml. overnight under argon. The product obtained was then dried in vacuo to 
give the product as an amorphous solid; R f = 0.47 (methylene chloride: methanohacetic acid, 20:1:1); [a] D = -228° (c 
= 0.51, methanol). 



Anal, calc'd. for C 21 H 2 2N2 0 4 S, °- 26 C 5 H 12 .0.176 CH 2 CI 2 : 



Found: 



C.62.46; 


H.5.94; 


N.6.48; 


C.62.81; 


H.5.87; 


N.6.53; 



S.7.42 
S.7.29. 



iH-NMR (400 MHz, CDCI 3 ): 8 1.65 (m, 1 H), 2.06 (d, 1 H), 2.51 (m, 2 H), 2.95 (dd, 1 H, J= 7, 14 Hz), 3.17 (m, 2 H), 
4.39 (d, 1 H, J= 17 Hz), 4.46 (m, 1 H), 4.67 (d, 1 H, J= 17 Hz), 7.02-7.31 (m, 9 H). 
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EXAMPLE 25 

fS-(R*,R*)1-Hexahvdro-3-f(2-mercapto-1 -oxo-3-phenvlpropyl1aminol-2-oxo-1 (2H)-azocineacetic acid 

5 a) fS-(^R*)1-Hexahydro-3-[f (2-acetvrthio)-1 -oxo-3-phenylpropvl1amino|-2-oxo-1 (2H)-azocineacetic acid, 
1,1-dimethvlethvl ester 

A suspension of the dicyclohexylamine salt of (S)-2-(S)-2-(acetylthio)benzenepropanoic acid (2.63 g, 6.6 mmol) 
in ethyl acetate (50 ml.) was washed twice with 0.1 N hydrochloric acid (50 ml., 25 ml.) and once with brine (25 ml.), 

10 dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving the free acid as an oil. This free acid and (S)- 
3-aminohexahydro-2-oxo-1(2H)-azocineacetic acid, 1,1-dimethylethyl ester [prepared according to the procedure of 
Thorsett et al., J. Med. Chem.,29, 251-60 (1986)] (1.66 g, 6.5 mmol) were dissolved in dichloromethane (30 ml.) under 
an atmosphere of argon and cooled to 0°C. 1 -Hydroxy benzotriazole hydrate (891 mg, 6.6 mmol) and 1 -ethyl-3- 
(3-dimethylamino-propyl)-carbodiimide (1 .26 g., 6.6 mmol) were added. The mixture was stirred cold for four hours. 

15 The mixture was diluted with dichloromethane (100 ml.). The solution was washed with water (50 ml.), 5% potassium 
bisulfate solution (50 ml.), sodium bicarbonate solution (50 ml.), and brine (50 ml.). The dichloromethane solution was 
dried (magnesium sulfate), filtered and freed of solvent in vacuo . The remaining foam was chromatographed on silica 
gel (Merck, 500 ml ), eluting with 25-50% ethyl acetate in hexane to give 2.252 g. of product; R, = 0.35, (ethyl acetate: 
hexane, 1:1). 

20 

b) fS-(R*,R*)1-Hexahvdro-3-ff(2-acetvlthio)-1 -oxo-3-phenvlpropyl]aminol-2-oxo-1 (2H)-azocineacetic acid 

The product from part (a) was dissolved in trifluoroacetic acid (20 ml. and stirred at room temperature for 1.75 
hours, under an argon atmosphere. The trifluoroacetic acid was removed in vacuo and toluene was added twice and 
25 removed in vacuo to leave the acid product as a white foam. 

c) rS-fR*,R*)l-Hexahvdro-3-[(2-mercapto-1-oxo-3-phenvlpropvnaminol-2-oxo-1(2H)-azocineacetic acid 

A solution of the product from part (b) (5.45 mmol) in methanol (30 ml.) was purged with argon for 15 minutes, 
30 cooled in an ice-salt bath and, while stirring and continuing the argon purge, treated dropwise with concentrated am- 
monium hydroxide solution (2.0 mi.). After stirring cold for 6.5 hours, additional ammonium hydroxide solution (1 .0 ml.) 
was added and the mixture was capped and left in the refrigerator for 18 hours. The mixture was acidified to pH 2 with 
5% potassium bisulfate solution. The product was extracted into dichloromethane (3 x 50 ml.). The combined organic 
extracts were dried (magnesium sulfate), filtered and freed of solvent in vacuo leaving a white foam. Ether and hexane 
35 were added and the suspension was stirred under an argon atmosphere for 1 hour. A white solid was harvested by 
filtration, washed with more ether and hexane, and dried in vacuo to give 1 .531 g. of product as a white foam; m.p. 
71 -90°C; R f = 0.41 (10 % methanol in methylene chloride + 2 drops acetic acid/5 ml ); [a] D = +3.5° (c = 0.75, methanol). 





Anal, calc'd. for C 18 H 24 N 2 0 4 S: 


40 




C.59.32; 


H.6.64; 


N.7.69; 


S,8.80 




Found: 


C.59.02; 


H.6.77; 


N.7.67; 


S.8.70. 



HPLC: R T = 6.1 min., 62% aqueous methanol containing 0.2% phosphoric acid, 1.5 ml. min., detected at 220 mm, 
45 YMC S-3 (ODS), 6.0 x 150 mm, 3 micron spherical end capped column. H.I. >95%. 

EXAMPLE 26 

(3S)-2,3 1 4,5-Tetrahvdro-3-ff(2-mercapto-3-(1-naphtalenvl)-1-oxopropvl1aminol-2-oxo-1H-benzazepine-1 -acetic acid 

so 

a) (Acetvlamino)(1-naphthalenvlmethyl)propanedioic, diethyl ester 

To a solution of sodium ethoxide (21% in ethanol, 4.613 gm, 67.8 mmol) in ethanol (100 m!) was added diethyl 
acetamidomalonate (14.74 gm, 67.8 mmol), then 1 -(bromomethyl)napthalene (10.0 gm, 45.2 mmol). The solution was 
55 stirred at room temperature for one hour. The reaction mixture was then concentrated to an orange oil. The oil was 
dissolved in ethyl acetate and washed with 50% saturated ammonium chloride water and brine, then dried over sodium 
sulfate, filtered and concentrated to afford an orange solid. The solid was recrystallized from ethyl acetate and hexane 
to afford beige crystals contaminated with malonate. The solid was dissolved in 50% ethyl acetate in hexane and 
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purified by flash chromatography on Merck silica gel in 50% ethyl acetate in hexane. Those fractions containing pure 
product were combined and concentrated to afford 10.225 g. of product as a white solid; m.p. 105-108°C; R f = 0.57 
(50% ethyl acetate in hexane). 

s b) a-Amino-1-naphthalenepropanoic acid 

A solution of the product from part (a) (16.182 gm., 47.5 mmol) was suspended in 4B% hydrogen bromide (100 
ml) and refluxed under argon for 14 hours. The hydrogen bromide salt of the product was filtered out of solution as a 
white solid, then taken up in hot (50 q C) water (500 ml) and the solution neutralized with concentrated ammonium 
io hydroxide. The product precipitated out of solution as a fine white solid. Upon filtration and drying under high vacuum 
overnight (18 hours), 8.335 g. of product was obtained as a fluffy white solid; m.p. 264 °C. 

c) g-Bromo-1 -naphthatenepropanoic acid 

15 To a solution of the product from part (b) (4.000 g., 18.6 mmol) and potassium bromide (7.63 g., 63.2 mmol) in 2.5 

N sulfuric acid (35 ml) kept at 0 °C was added sodium nitrite (1.92 g., 27.8 mmol) over one hour. The mixture was 
stirred for an additional hour at 0° C, then was warmed to room temperature and stirred for 2.5 hours. The reaction 
mixture was then extracted with ether (3x). The ether layers were combined and washed with water and brine, then 
dried over sodium sulfate, filtered and concentrated to give an orange oil. The oil was purified by flash chromatography 

20 on Merck silica gel in 70% ethyl acetate in hexane with 1 % acetic acid added to reduce tailing. Those fractions containing 
the bromide were combined and concentrated to afford slightly contaminated product as an orange oil which solidified 
upon sitting overnight. R f = 0.40 (40% ethyl acetate in hexane with 1% acetic acid). 

d) a-(Acetylthio)-1-naphthalenepropanoic acid 

25 

To a slurry of potassium thioacetate (0.912 g., 8.00 mmol) in acetonitrile (300 ml) at 0°C was added the product 
from part (c) (2.030 g., 7.27 mmol) as a solution in acetonitrile (3 ml). The solution was stirred for one hour at 0°C, 
then was warmed to room temperature and stirred for 1 5 hours. Potassium bromide was then filtered out of the reaction 
mixture and the filtrate concentrated to afford an orange oil. The oil was dissolved in ethyl acetate and washed with 

30 10% potassium bisulfate and brine, then dried over sodium sulfate, filtered and concentrated to afford an orange oil. 
The oil was purified by flash chromatography on Merck silica gel in 50% ethyl acetate in hexane with 1% acetic acid 
added to reduce tailing. Those fractions containing product were all contaminated with a compound with an R, = 0.43. 
Those fractions were pooled and concentrated to give an orange oil. The crude product was purified via the dicyclohex- 
ylamine salt by dissolving the orange oil in ether and adding an equivalent of dicyclohexylamine (18.13 g., 100 mmol) 

35 to the solution. The dicyclohexylamine salt was obtained in 2 crops of brown crystals (1 .450 gm) still slightly contam- 
inated with impurity. The crystals were suspended in ethyl acetate and shaken with 10% potassium bisulfate (3x). The 
organic layer was then washed with water and brine, then dried over sodium sulfate filtered and concentrated to afford 
875 mg. of product as a yellow oil; R f = 0.40 (40% ethyl acetate in hexane with 1% acetic acid). 

40 e ) (3S)-2,3 1 4.5-Tetrahvdro-3-ff2-(acetylthio)-3-(1 -naphthalenvD-1 -oxopropyl1aminol-2-oxo-1 H-1 -benzazepine- 
1 -acetic acid 

The racemic acid product from part (d) (338 mg., 1 .23 mmol) and (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-1 H-1-ben- 
zazepine-1 -acetic acid, ethyl ester [prepared as described by Watthey etal., J. Med. Chem., 28, p 1511 - 1516 (1985)] 

45 (321 mg. ,1.23 mmol) were dissolved in methylene chloride (1 1 ml) at room temperature under argon. The mixture was 
cooled to 0°C and treated with hydroxybenzotriazole hydrate (166 mg, 1.23 mmol) and 1 -ethyl-3-(3-dimethylamino- 
propyl)carbodiimide (259 mg, 1.35 mmol). After stirring for 1 hour, the mixture was warmed to room temperature and 
stirred an additional 4 hours. The volatiles were evaporated and the residue was dissolved in ethyl acetate and washed 
successively with 1 N hydrochloric acid, water, saturated sodium bicarbonate, and brine. The organic layer was dried 

so (sodium sulfate), filtered, and concentrated and the residue was flash chromatographed (Merck silica gel) eluting with 
50% ethyl acetate in hexanes to give 510 mg. of product as an oil (1:1 mixture of diastereomers). R f = 0.40 (5% acetic 
acid in ethyl acetate). 

f ) (3S)-2,3,4,5-Tetrahydro-3-ff2-mercapto-3-(1 -naphthalenyl)-1 -oxopropyl1amino1-2-oxo-1 H-1 -benzazepine-1 -acetic 
55 acid 

A solution of the product form part (e) (508 mg., 0.98 mmol) in methanol (6 ml., deoxygenated via argon bubbling) 
was cooled to 0° C and treated with 1 N sodium hydroxide (6 ml., deoxygenated via argon bubbling). The resulting 
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mixture was stirred under argon for 1 hour. The solution was acidified with 10% potassium bisulfate and extracted with 
ethyl acetate. The organic layer was washed with brine, dried (sodium sulfate), filtered and concentrated to give a clear 
oil. This residue was flash chromatographed (Merck silica gel) eluting with 1% acetic acid in 1 :1 hexanes/ethyl acetate. 
The fractions containing pure product were combined, concentrated, azeotroped with ethyl acetate, and washed with 
5 water to remove the acetic acid. The organic layer was dried (sodium sulfate), filtered and concentrated. The residue 
was taken up in ethyl acetate and triturated with ethyl ether and hexane. The solvent was removed and the residue 
was slurried in hexane, stripped, and dried in vacuo to give 327 mg of product as a white powdery foam; R f = 0.64 (5% 
acetic acid in ethyl acetate); [ct] D = -187.3° (c = 0.43, chloroform). 



10 


Anal, calc'd. for C25H23N2O4S 


0.42 H 2 0 








C.65.98; 


H.5.28; 


N.6.16; 


S.7.05 




Found: 


C66.29; 


H.5.29; 


N,5.85; 


S.6.65. 



75 HPLC: t R = 12.3 min (48.1%) and 14.4 min (51.8 %) (X= 220 nm), YMC S-3 ODS (C-18) 6.0 x 150 mm; 68% (10% 
water-90% methanol-0.2 % phosphoric acid)/32% (90% water-10% methanol.2% phosphoric acid), flow rate = 1 .5 ml/ 
min, isocratic. 



Example 27 

20 

[S-(^R*)l-3-f[2-(Acetylthio)-1-oxo-^ acid 

The product from Example 6 (799 mg., 2.0 mmol.) was added to a de-oxygenated (argon bubbling) solution of 
potassium bicarbonate (378 mg., 3.8 mmol.) in water (25 ml.). Upon dissolution of the starting material, acetic anhydride 

25 (1 .5 ml., 1 .62 g., 1 5.9 mmol.) was added. A milky white solution was obtained which eventually produced a gum. After 
stirring at room temperature for minutes, the mixture was acidified with 10% hydrochloric acid and extracted with ethyl 
acetate. The ethyl acetate extract was washed with water (3 times) and brine, then dried (sodium sulfate), filtered, and 
stripped. The residue was flash chromatographed (Merck silica gel, 1% acetic acid in ethyl acetate) and the desired 
fractions were stripped, azeotrophed with ethyl acetate (3 times), taken up in a small volume of ethyl acetate and 

30 triturated with hexane. The solvent was stripped and the residue was slurried and stripped twice from hexane to give 
the title compound as a hard white foam. TLC (1% acetic acid in ethyl acetate) Rf = 0.41; [a] D = -190.8° (c = 0.68, 
chloroform). 





Anal, calc'd. for C 23 H 2 4 


N 2 0 5 S • 0.13 C 4 H 8 0 2 - 0.5 H 2 0: 


35 




C, 61.28; 


H, 5.69; 


N, 6.08; 


S, 6.96 




Found: 


C, 61.18; 


H, 5.64; 


N, 5.90; 


S, 6.70. 



Examples 28 - 30 

Following the procedure of Example 27 but employing benzoyl chloride as the acylating agent, [S-(R*,R*)]-[3-[[2- 
(benzoylthio)-1-oxo-3-phenylpropyl]amino]-2,3,4,5-tetrahydro-2-oxo-1H-benzazepine-1 -acetic acid was obtained; m. 
p. 170 - 171°C; [a] D = -244° (c = 0.30, chloroform). TLC (hexane:ethyl acetate:acetic acid, 40:60:1) R f = 0.31. 



45 


Anal, calc'd. for C 28 H 26 N 2 0 5 S • 0.1 C 4 H 6 0 2 • 0.2 H 2 0: 






C, 66.24; 


H, 5.32; 


N, 5.44; 


S, 6.23 




Found: 


C, 66.28; 


H, 5.23; 


N, 5.40; 


S, 6.18. 



Following the procedure of Example 27 but employing propionic anhydride as the acylating agent, [S-<R*,R*)]- 
2 l 3,4,5-tetrahydro-3-[[1oxo-2-[(1-oxpropyl)thio]-3-phenylpropyl]amino]-2-oxo-1 H-benzazepine-1 -acetic acid was ob- 
tained; m.p. 156 - 157°C; [a] D = -210° (c = 0.31, chloroform). TLC (hexane:ethyl acetate: acetic acid, 40:60:1) 
R f = 0.34. 



55 



Anal, calc'd. for C 24 H 


26N 2 0 5 S • 0.07 C 4 H 8 0 2 : 


Found: 


C, 63.30; 
C, 63.32; 


H, 5.81; 
H, 5.77; 


N, 6.08; 
N, 5.90; 


S, 9.96 
S. 6.96. 
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Following the procedure of Example 27 but employing trimethylacetic anhydride as the acylating agent, [S-(R*, 
R*)]-3-[[2-[(2,2-dimethyl-1-oxopropyl)thio]-1-o^ 

1 -acetic acid was obtained; m.p. 86 - 90°C; [<x] D = -1 90° (c = 3.06, chloroform). TLC (hexane:ethyl acetate: acetic acid, 
30:70:1) R f = 0.42. 

5 

Anal, calc'd, for C^H^NgOsS • 0.2 C 6 H 14 • 0.25 H 2 0: 



C, 64.78; 


H, 6.65; 


N, 5.50; 


C, 64.79; 


H, 6.56; 


N, 5.53; 



10 

Example 31 

fS-rR*,R*)1-3,4-Dihvdro-3-f(2'mercapto-1-oxo-3-phenvlpropvl)aminoV4>oxO"1 1 5-benzoxazepine-5(2H) -propanoic 
acid 

75 

a) (S)-3-[|(Dimethvlethoxv)carbonyllamino-3,4-dihvdro-4-oxo-1,5-benzoxazepine-5(2H)-propanoic acid, ethyl ester 

A solution of (S)-3-[[(dimethylethoxy)carbonyl]amino]-2,3-dihydro-1,5-benzoxazepin-4(5H)-one [prepared as de- 
scribed in Example 1 3(c), 1 .49 g., 5.35 mmol.) in tetrahydrof uran:t-butanol (2: 1 , 21 ml.) was cooled to 0° C. and treated 

20 with ethyl acrylate (0.81 ml. 7.50 mmol., 1. 4 eq.) and then 1.0 Nt-butanol, potassium salt (535 ul, 0.1 eq.). The reaction 
mixture was stirred at 0° C for 15 minutes then at room temperature for 2.5 hours under argon. An additional amount 
of 1 .0 N t-butanol, potassium salt/tetrahydrofuran (270 ul, 0.05 eq.) was added to the reaction. The reaction was stirred 
at room temperature for 45 minutes and then heated to 60° C for 2 hours. The reaction was quenched with 25% 
ammonium chloride (50 ml.) and extracted with ethyl acetate (2 x 100 ml.). The combined organics were washed with 

25 25% ammonium chloride (50 ml.), water (50 ml.), and brine (50 ml.), dried over magnesium sulfate, filtered and con- 
centrated to yield a clear syrup. The residue showed two spots by TLC. 

The reaction was restarted by treating a solution of the mixture (1.42 g., 5.10 mmol.) in tetrahydrof uran:t-butanol 
(2:1, 15 ml.) cooled to 0° C, with ethyl acrylate (0.77 ml., 7.14 mmol., 1.4 eq.) and then 1.0 N t-butanol, potassium 
salt/tetrahydrofuran (510 ul, 0. 1 eq.). The reaction mixture was stirred at 0° C. for 1 5 minutes then at room temperature 

30 for 3 hours. The reaction was quenched with 25% ammonium chloride (50 ml.) and extracted with ethyl acetate (2 x 
100 ml.). The combined organics was washed with 25% ammonium chloride (50 ml.), water (50 ml.), and brine (50 
ml.), dried over magnesium sulfate, filtered and concentrated to yield a yellow syrup. The residue was purified by 
chromatography on a 5 x 15 cm. silica gel column eluting with 30% ethyl acetate/hexane mixture (2 I.). The desired 
fractions were combined and concentrated to afford 1 .40 g. of the title compound as a clear syrup. TLC (5% methanol/ 

35 chloroform) R f = 0.63. 

b) (S)-3-Amino-3 1 4-dihydro-4-oxo-1,5-benzoxazepine-5f2H)-propanotc acid, ethyl ester, hydrochloride salt 

The product from part (a) (1 .4 g., 3.7 mmol.) was treated with 4.0 M hydrochloric acid/dioxane (20 ml., 80 mmol.) 
40 and cooled to 0° C. The resultant solution was stirred at 0° C. for 30 minutes, then at room temperature for 2 hours. 
The reaction mixture was concentrated, stripped with ethyl ether (twice), azeotroped with toluene (three times) and 
dried in vacuo for 4 hours affording 1 .05 g. of title compound. 

c) [fS-(R*,R*)1-3-f[2-(Acetvlthio)-1-oxo-3-phenvlpropvllamino1-3,4-dihydro-4-oxo-1,5-benzoxazepine-5(2H)-propanoic 
45 acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.8 g., 4.40 mmol.) was suspended in ethyl ac- 
etate (100 ml.) and washed with 5% potassium bisulfate (5 x 25 ml.) and brine (30 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid. 

so This free acid was dissolved in dry methylene chloride (10 ml.), cooled to 0° C. (ice - salt bath) and treated with a 

solution of the product from part (b) (1 .05 g., 3.33 mmol.) in dry methylene chloride (25 ml ), followed by triethylamine 
(0.62 ml., 4.44 mmol., 1.3 eq.) and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (1.96 
g M 4.44 mmol., 1 .3 eq.). The reaction mixture was stirred at 0° C for 1 hour then at room temperature overnight. The 
reaction mixture was concentrated to dryness, diluted with ethyl acetate (150 mi.) and washed with 5% potassium 

55 bisulfate (2 x 50 ml.), water (2 x 50 ml.), and brine (50 ml.), dried (anhydrous magnesium sulfate), filtered, and evap- 
orated to dryness. The crude product was chromatographed on a silica gel column (5x15 cm), eluting with 30% ethyl 
acetate/hexane. The desired fractions were combined and concentrated, affording 740 mg. pure product. TLC (10% 
methanol in chloroformm) R f = 0.74. 
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d) IS-(R*,R*)1-3,9-Dihvdro-3-1 (2-mercapto-1 -oxo-3-phenylpropvnamino1-4-oxo-1 ,5-benzoxazepine-5(2H)-propanoic 
acid 

A solution of the product from part (c) (740 mg., 1.53 mmol.) in methanol (15 ml.) was cooled to 0° C (ice-salt 
5 bath), purged with argon for 30 minutes and then treated dropwise with a previously purged (argon, 30 minutes) solution 
of 1 .0 N sodium hydroxide (6.1 ml., 4 eq.) maintaining the bubbling of argon throughout the addition and length of the 
reaction. The reaction mixture was stirred at 0° C for 1 hour, acidified at 0° C with 5% potassium bisulfate (150 ml.) to 
pH 1.5 and then extracted with ethyl acetate (3 x 100 ml.). The combined organic extracts were washed with brine 
(100 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo to a white foam (612 
io mg ). The residue was purified by column chromatography on a 5 X 15 cm. silica gel column eluting with 0.5% acetic 
acid in ethyl acetate. The residue was dissolved in methylene chloride (5 ml.) and stripped with hexane (5 times) on 
the rotovap, scratching the mixture to form a white foam/solid. The solid was dried in vacuo overnight to give 590 mg. 
of product. TLC (1% acetic acid in ethyl acetate) R f = 0.42. [a] D = -127.6° (c = 1 .12, methanol). 



Anal, calc'd. for C 21 H 


22N 2 0 5 S - 0.03 H 2 0: 


Found: 


C, 60.86; 
C, 61.08; 


H, 5.36; 
H, 5.68; 


N, 6.75; 
N, 6.45; 


S, 7.73 
S, 7.51. 



20 Example 32 

f2R-f2a.3a(S*)1l-3.4-Dihvdro-3-f(2-mercapto-lH3xo-3-phenvlpropvl)amino1-2-methvl-4-oxo-1,5'benzoxazepine-5 
(2H)-acetic acid 

25 a) N-|(1,1-Dimethvlethoxv)carbonvll-0-(2-nitrophenvl)-L-threonine 

A solution of N-[(1,1-dimethylethoxy)carbonyl]-L-threonine (5.02 g., 22.9 mmol.) in dry dimethylformamide (10 ml.) 
was added dropwise over a period of 30 minutes to a cooled (0°C) suspension of 60% sodium hydride (1 .93 g., 48.25 
mmol., 2.11 eq.) in dry dimethylformamide (40 ml.). The reaction was stirred at 0°C until the frothing subsided (about 

30 3.5 hours). The reaction mixture was treated dropwise with l-fluoro-2-nitrobenzene (2.67 ml., 25.2 mmol., 1.1 eq.) over 
a period of 20 minutes and stirred at 0° C under argon for 2 hours. The reaction mixture was then placed in the cold 
room (5° C) and stirred overnight. The reaction mixture was poured into ice-water (500 ml.) and extracted with ethyl 
ether (2 x 200 ml.). The aqueous phase was brought to pH 1 .0 with 6 N hydrochloric acid (200 ml.) and extracted with 
ethyl acetate (3 x 300 ml.). The combined ethyl acetate extracts were washed with water (2 x 300 ml.), and brine (300 

35 ml ), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo. The crude residue was 
loaded onto celite and purified by chromatography on a 10 X 20 cm. silica gel column. Elution with methylene chloride 
(31.), 99:1 methylene chloride:methanol (21.), 95:5 methylene chloride:methanol, and 100:5:0.5 methylene chloride: 
methanol:acetic acid (5 1.) gave 6.07 g. of title compound. TLC (methylene chloride: methanol:acetic acid, 100:5;0.5) 
R f =0.16. 

40 

b) N-f(1,1-Dimethvlethoxv)carbonvl]-Q-(2-aminophenvn-L-threonine 

A solution of the product from part (a) (1 .0 g., 2.94 mmole) in dry methanol (20 ml.) was treated with 10% palladium 
on carbon catalyst (35 mg.) and hydrogenated at 40 psi for 5.5 hours. The reaction was not complete so an additional 
45 50 mg. of 10% palladium on carbon catalyst was added and the reaction mixture was hydrogenated for an additional 
1.5 hours. The reaction mixture was filtered through a celite pad in a millipore unit, washing the pad with methanol. 
The dark filtrate was evaporated to dryness and dried jn vacuo to give 0.856 g. of title product as a dark solid. TLC 
(methylene chloride: methanol :acetic acid, 20:1 :1) R f = 0.16. 

so c) (2R<is)-3-[|(Dimethvlethoxv)carbonvnamino1-2,3-dihvdro-2-methyl-1,5-benzoxazepin-4(5H)-one 

A solution of the product from part (b) (0.8 g. t 2.58 mmol.) in dry dimethylformamide (6 ml.) was treated with 1 -ethyl- 
3-(3-dimethylaminopropyl)carbodiimide (495 mg. , 2.58 mmol.) and stirred at room temperature for 3 hours. The reaction 
mixture was partitioned between ethyl acetate (50 ml.) and 50% sodium bicarbonate solution (50 ml.). The aqueous 
55 layer was separated and extracted with ethyl acetate (2 x 50 ml.). The combined organic extracts were washed with 
water (3 x 50 ml.) and brine (50 ml.), dried (anhydrous magnesium sulfate), filtered, evaporated and dried in vacuo to 
yield a crude yellow solid. The crude product was chromatographed on a silica gel column(5 x 15 cm.), eluting with 
25% ethyl acetate/hexane to give 568 mg. of title compound as an off white solid. TLC (ethyl acetate:hexane, 1:1) R ( 
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= 0.47. 

d) (2R-cis)-3-f[(Dimethylethoxv)carbonyl]am^ acid, 
ethyl ester 

5 

A solution of the product from part (c) (319 mg., 1.09 mmol.) and ethyl bromoacetate (151.3 ul 1.36 mmol., 1.25 
eq.) in dry tetrahydrofuran (3 ml.) was added to a cooled 0° C suspension of 60% sodium hydride (53 mg., 1 .32 mmol., 
1 .21 eq., washed with hexane, 3 times) in dry tetrahydrofuran (2 ml.) over a period of 5 minutes. The reaction mixture 
was stirred at 0° C for 1 hour and then at room temperature for 30 minutes. The reaction mixture was quenched with 
70 25% ammonium chloride solution (5 ml.) and extracted with methylene chloride (2 x 20 ml.). The combined organics 
were washed with 25% ammonium chloride solution (10 ml.) and brine (10 ml.), dried (anhydrous magnesium sulfate), 
filtered, concentrated and dried in vacuo to yield 400 mg. of title product. TLC (ethyl acetate:hexane, 1:1) R f = 0.55. 

e) (S)-3-Amino-3,4-dihydro-2"methyl-4-oxo-1 1 5-benzoxazepine-5(2H)-acetic acid, ethyl ester, hydrochloride salt 

is 

4.0 M Hydrochloric acid in dioxane (5.5 ml., 22 mmole, 20.8 eq.) was added to the product from part (d) (400 mg., 
1 .06 mmol.) cooled to 0° C. The resultant solution was stirred at 0° C. for thirty minutes, then at room temperature for 
3 hours. The reaction mixture was removed by rotovap, concentrated with ethyl ether ( 3 x 10 ml.) and dried in vacuo 
over sodium hydroxide pellets overnight to yield 350 mg. of title product. TLC (methylene chloride:methanol, 9:1) R f = 
20 o.49. 

f) r2R-[2a > 3a(S*)l1-3-f[2-(Acetvlthio)-1-oxo-3-phenvlpropvnaminol-2-methyl^-oxo-1,5-benzoxazepine-5(2H)-acatic 
acid 

25 A suspension of (S)-2-(acetylthio)benzenepropanoic acid, dicyclohexylamine salt (495 mg., 1 .22 mmol., 1 .1 eq.) 

in ethyl acetate (30 ml.) was washed with 5% potassium bisulfate (5x5 ml.) and brine (10 ml.), dried (anhydrous 
magnesium sulfate), filtered, evaporated to dryness and dried in vacuoXo give the free acid as a clear syrup (278 mg.) 
in quantitative yield. 

This free acid was dissolved in dry methylene chloride (10 ml.), cooled to 0° C. (ice-salt bath) and treated with a 
30 solution of the product from part (e) (350 mg., 1.11 mmol.) in dry methylene chloride (2 ml ), followed by triethylamine 
(163 ul, 1.17 mmol., 1.05 eq.) and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (515.5 
mg., 1 .17 mmol., 1 .05 eq.). The reaction mixture was stirred at 0° C for 1 hour then at room temperature for 3.5 hours. 
The reaction was not complete by TLC so an additional amount of triethylamine (54 ul , 0.389 mmol.) and benzotriazol- 
1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (172 mg., 0.389 mmol.) was added and the reaction 
35 was stirred for 1 hour. The reaction mixture was concentrated to dryness, washed with 0.5 N hydrochloric acid (2x10 
ml.), water (10 ml.), and brine (10 ml.), dried (anhydrous magnesium sulfate), filtered, and evaporated to dryness. The 
crude product was chromatpgraphed on a silica gel column (3 x 16 cm.), eluting with 20% ethyl acetateyhexane. The 
desired fractions were combined and concentrated, affording 378 mg. of pure title product. TLC (ethyl acetate:hexane, 
1:1) R f = 0.48. 

40 

q) f2R-f2a,3a(S*)f|-3,4-Dihydro-3-f(2-mercapto-1-oxo-3-phenylpropyl)amino1-2-methyl-4-oxo-1,5-benzoxazepine-5 
(2H)-acetic acid 

A solution of the product from part (f) (297 mg., 0.61 mmol.) in methanol (4 ml.) was purged with argon for 30 
45 minutes, cooled to 0° C (ice-salt bath) then treated dropwise with a previously purged (argon, 30 minutes) solution of 
1.0 N sodium hydroxide (2.45 ml., 4 eq.) maintaining the bubbling of argon throughout the addition and length of the 
reaction. The reaction mixture was stirred at 0° C for 1 hour, acidified at 0° C with 5% potassium bisulfate (20 ml.) to 
pH 1 .5 and then extracted with ethyl acetate (2 x 50 ml.). The combined organic extracts were washed with brine (25 
ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo to yield a glassy oil (351 
50 mg ). The crude residue was dissolved in methylene chloride (5 ml.) and treated portionwise with hexane (50 ml.), 
scratching the mixture to form a solid. The supernatant was decanted and the solids triturated with more hexane (50 
ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. of pentane for 4 hours and the next 100 ml. overnight under 
argon. The pentane was decanted and the white amorphous solid was dried in vacuo overnight to give 240 mg., of title 
product. TLC (2% acetic acid in ethyl acetate) R f = 0.48; [a] D = -101.1 (c = 1, methanol). 

55 



Anal.calc'd. for C 2 ^22 H 2°5^ * 0 40 C 4 H e°2 * 


0.08 H 2 0: 




C, 60.36; 


H, 5.65; 


N, 6.23; 


S, 7.13 
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(continued) 



Anal.calc'd. for C 21 H^N 2 0 5 S - 0.40 C 4 H 8 0 2 . 0.08 H 2 0: 


Found: C, 60.17; 


H.5.57; N, 6.16; | S, 7.45. 



Example 33 

Following the procedure of Example 32 but starting with allo-L-threonine, [2S-[2oc,3P(R*)]]-3,4<iihydro-3-[(2-mer- 
capto-1-oxo-3-phenylpropyl)amino]-2-methyl-4-oxo-1,5-benzoxa2epine-5(2H)-acetic acid was obtained; [a] D = 
-174.3° (c = 0.89, methanol) TLC (1% acetic acid in ethyl acetate) R f = 0.43. 

Example 34 

(2SV3-[(2-Mercapt0'1 -oxo-S-phenvlpropvnaminol-S^^.e-tetrahvdro^-oxo-l -benzazocine-1 (2HVacetic acid 

a) 1-Benzosuberone, oxime 

A solution of hydroxylamine hydrochloride (2.39 g., 34.33 mmole, 1.1 eq.) in water (16 ml.) was added to a solution 
of 1 -benzosuberone (4.67 ml., 31 .21 mmole) in pyridine (9.0 ml.) and ethanol (16 ml.). The reaction mixture was refluxed 
(bath temperature 105° C) for 35 minutes. The reaction mixture was cooled, diluted with ethyl acetate (100 ml.) and 
water (40 ml.) and the layers were separated. The aqueous layer was extracted with ethyl acetate (2 x 50 ml.). The 
combined organic extracts were washed with 1 N hydrochloric acid (3 x 1 00 ml.), dried (anhydrous magnesium sulfate), 
filtered, and concentrated to obtain a crude off-white solid (5.60 g.). The residue was purified by chromatography on 
10 x 20 cm. silica gel column. Elution with hexane (21), followed by 10% ethyl acetate/hexane (5 I.) afforded 4.40 g. 
of title compound as an off-white solid. TLC (10% ethyl acetate/hexane) R f = 0.35. 

b) 3A5,6-Tetrahvdro-1-benzazocin-2(1H)-one 

Concentrated sulphuric acid (8.8 ml.) was added in one portion to a suspension of the product from part (a) (4.33 
g., 24.71 mmol.) in glacial acetic acid (4.4 ml ). The temperature rose to 83° C. and the reaction mixture was heated 
to 1 60° C. (oil bath) for 1 0 minutes. The reaction mixture was allowed to cool to room temperature and was then poured 
into ice-water (100 ml.). The reaction mixture was adjusted to pH 11 with 10 N sodium hydroxide solution. The mixture 
was diluted with ethyl acetate (250 ml.) and water (100 ml.) and the layers were separated. The aqueous layer was 
extracted with ethyl acetate (3 x 100 ml.). The combined ethyl acetate extracts were washed with water (150 ml.) and 
brine (150 ml.), dried (anhydrous sodium sulfate), filtered and concentrated to yield 2.8 g. of title product. TLC (ethyl 
acetate) R f = 0.33. 

c) 3,4,5,6-Tetrahydro-3-bromo-1 -benzazocin-2(1 H)-one 

A solution of the product from part (b) (8.31 g., 47.42 mmole) in chloroform (115 ml.) was cooled to 0° C, treated 
with phosphorus pentachloride (11 .36 g., 54.53 mmole, 1.15 eq.) and iodine (114 mg.) and stirred for 30 minutes at 0° 
C. under argon. The yellow reaction mixture was treated with bromine (2.92 ml., 56.90 mmole, 1.2 eq.), warmed to 
room temperature and refluxed under argon for 3.5 hours. The reaction mixture was allowed to cool to room temperature 
and added to ice-water (100 ml.). The layers were separated and the chloroform layer was washed with water (100 
ml.), dried over magnesium sulfate, filtered and concentrated. The crude residue was recrystallized from hot ethyl 
acetate affording 8.69 g. of title product. TLC (ethyl acetate: hexane, 1:1) R f = 0.36. 

d) 3,4,5,6-Tetrahvdro-3-azido-1 -benzazocin-2(1 H)-one 

A solution of the product from part (c) (6.87 g., 27.03 mmole) and sodium azide (2.28 g., 35.14 mmole, 1 .3 eq.) in 
dimethylsulfoxide (130 ml.) was stirred at 60° C (oil bath) under argon for 5 hours. The reaction mixture was cooled to 
room temperature and poured into cold water (400 ml.) and stirred for 1 5 minutes. The precipitate was filtered, washing 
the solids with water (1 1 .) and dried overnight in vacuo over drierite to give the title product. TLC (ethyl acetate:hexane, 
1:1) R f = 0.63. 
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e) 3-Azido-3,4,5,6-tetrahvdro-2-oxo-1-benzazccine-1(2H)-acetic acid, ethyl ester 

A solution of the product from part (d) (5.454 g., 25.22 mmole) and ethyl bromoacetate (3.5 ml., 31.53 mmole, 
1.25 eq.) in dry tetrahydrofuran (50 ml.) was added to a cooled (0° C.) suspension of 60% sodium hydride [1.23 g., 

5 30.77 mmole, 1 .22 eq.; washed with hexane (3x10 ml.)] in dry tetrahydrofuran (1 5 ml.) over a period of 1 5 minutes. 
The mixture was stirred at 0° C. for 1 hour and then at room temperature for 30 minutes. The reaction mixture was 
quenched with 25% ammonium chloride solution (100ml.)and extracted with ethyl acetate (2x250 ml.). The combined 
ethyl acetate extracts were washed with 25% ammonium chloride solution (100 ml.) and brine (100 ml.), dried (anhy- 
drous magnesium sulfate), filtered, and concentrated to yield the title compound as ayellow oil. TLC (35% ethyl acetate/ 

io hexane) R f = 0.35. 

Q 3-Amino-3,4,5,6-tetrahvdro-2-oxo-1-benzazocine-1(2H)-acetic acid, ethyl ester 

A solution of the product from part (e) (9.0 g., 29.83 mmole) in absolute ethanol (50 ml.) was treated with 10% 
75 palladium on carbon catalyst (900 mg.) and hydrogenated at 45 psi for 5 hours, venting the Parr bottle twice in the first 
1.5 hours. The mixture was filtered through a millipore unit, washing thoroughly with ethanol. The clear filtrate was 
evaporated to dryness and dried in vacuo to afford 7.59 g. of the title product as a thick yellow syrup. TLC (10% 
methanol/methylene chloride) R f = 0.29. 

20 g) (2S)-3-[[2-(AcetvlthioH-oxo-3-phenvlpropvl1-a^ acid, 
ethyl ester 

A suspension of (S)-2-(acetytthio)benzenepropanoic acid dicyclohexylamine salt (2.1 g., 5.18 mmole. 1.1 eq .) in 
ethyl acetate (100 ml.) was washed with 5% potassium bisulfate (5 x 25 ml.) and brine (30 ml.), dried (anhydrous 
25 magnesium sulfate), filtered, evaporated to dryness and dried in vacuo to give the free acid as a clear syrup (1 .24 g.) 
in quantitative yield. 

This free acid was dissolved in dry methylene chloride (45 ml.), cooled to 0° C. (ice-salt bath) and treated with a 
solution of the product from part (f) (1.3 g., 4.71 mmole) in dry methylene chloride (10 ml.), followed by triethylamine 
(723 ul, 5.18 mmol., 1.1 eq.) and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (2.29 g., 

30 5.18 mmol., 1.1 eq.). The reaction mixture was stirred at 0° C. for 1 hour then at room temperature overnight. The 
reaction mixture was concentrated to dryness, diluted with ethyl acetate (125 ml.), washed with 0.5 N hydrochloric acid 
(2 x 25 ml.), water (25 ml.), and brine (25 ml ), dried (anhydrous magnesium sulfate), filtered, and evaporated to dryness. 
The crude product was chromatographed on a silica gel column (3x16 cm ), eluting with 30 % ethyl acetate/nexane. 
The desired fractions were combined and concentrated, affording 1 .77 g. of pure title compound. (1:1 mixture of dias- 

35 tereoisomers). TLC (ethyl acetate:hexane, 1 : 1 ) R f = 0.39. 

h) (2S)-3-f(2-Mercapto-1 -oxo-3-phenvlpropvl)aminol-3,5,6-tetrahydro-2-oxo-1 -benzazocine-1 (2H1-acetic acid 

A solution of the product from part (g) (1.75 g., 3.62 mmole) in methanol (25 ml.) was purged with argon for 30 
40 minutes, cooled to 0° C (ice-salt bath) then treated dropwise with a previously purged (argon, 30 minutes) solution of 
1 .0 N sodium hydroxide (14.5 ml., 4 eq.) maintaining the bubbling of argon throughout the addition and length of the 
reaction. The reaction mixture was stirred at 0° C. for 1 hour, acidified at 0° C with 5% potassium bisulfate (200 ml.) 
to pH 1.5 and then extracted with ethyl acetate (2 x 200 ml.). The combined organic extracts were washed with brine 
(200 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried jn vacuo to yield a white foam 
45 (1 .67 g.). The crude residue was dissolved in methylene chloride (10 ml.) and treated portionwise with hexane (50 ml.), 
scratching the mixture to form a solid. The supernatant was decanted and the solids triturated with more hexane (50 
ml.) and pentane (2 x 100 ml.), stirring with the first 100 ml. of pentane for 4 hours and the next 100 ml. overnight under 
argon. The pentane was decanted and the white amorphous solid was dried in vacuo overnight to give 1 .388 g. of title 
product (1:1 mixture of diastereoisomers); m p 1 07 - 1 1 1 0 C; [a] D = +28.3° (c = 1 .0, methanol). TLC (methylene chloride: 
50 methanol:acetic acid, 20:1:1) R f = 0.44. 
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Example 35 

f4S-[4a7a(RMJ0afl11-Decahydro-7-f(2-m^ 
4-carboxylic acid 

5 

a) (S)-2-Phthalimido-4-pentenoic acid, dicyclohexylamine salt 

A homogeneous solution of (S)-2-amino-4-pentenoic acid (2.988 g., 25.9 mmol) and sodium carbonate (2.600 g., 
24.5 mmol.) in water (55 ml.) was treated with solid N-(carbethoxy)phthalamide (5.677 g., 25.9 mmol ). After stirring 

to at room temperature for 2.5 hours, the mixture was acidified with 1 0% hydrochloric acid and extracted with ethyl acetate. 
The ethyl acetate extract was washed with brine, dried (sodium sulfate), filtered, and stripped. The residue was flash 
chromatographed twice (2% acetic acid in ethyl acetate) and the desired product fractions were combined, stripped, 
and azeotroped with toluene. The residue was dissolved in ethyl ether, treated with 5.3 ml. of dicyclohexylamine and 
seeded. The resulting white precipitate was collected by titration, washed with ethyl ether, and dried jn vacuo to give 

'5 7.620 g. of pure title product; m.p. 1 96 - 1 97° C; [<x] D = -1 3.9° (c = 0.8, methanol). TLC (5% acetic acid in ethyl acetate) 
R f = 0.57. 

b) fS-(R*,R*)l-2-(2-PhthalimidO'Voxo-4-pentenvl)amino1-6-hydroxyhexanoic acid, methyl ester 

20 A slurry of (S)-2-amino-6-hydroxyhexanoic acid (2.42 g., 16.4 mmole) in dry methanol (60 ml.) was treated with 

gaseous hydrogen chloride until the mixture began to reflux. The homogeneous solution was then stirred at room 
temperature for 2.5 hours. The solvent was stripped and the residue azeotroped three times with toluene to give crude 
(S)-2-amino-6-hydroxyhexanoic acid, methyl ester, hydrochloride salt as an oil. This oil was dissolved in dimethylfor- 
mamide (20 ml.) and methylene chloride (50 ml.) and treated with 4-methyl morpholine (3.20 ml., 2.94 g., 29.1 mmole). 

25 This mixture was cooled to 0° C. and treated with (S)-2-phthalimido-4-pentenoic acid [obtained from 7.0 g., 16.4 mmole 
of the salt product from part (a) by partitioning between 10% potassium bisulfate and ethyl acetate] in methylene 
chloride (10 ml.), followed by solid hydroxybenzotriazole (2.22 g., 16.4 mmole) and ethyl-3-(3-dimethylamino)propyl 
carbodiimide, hydrochloride salt (3.458 g., 18.0 mmole). After stirring at 0° C. for 0.5 hour and at room temperature 
for 2 hours, the reaction was partitioned between ethyl acetate and 0.5 N hydrochloric acid. The ethyl acetate extract 

30 was washed successively with water, 50% saturated sodium bicarbonate, and brine, then dried (sodium sulfate), filtered 
and stripped. The residue was flash chromatographed (Merck silica gel, ethyl acetate) to give pure title compound as 
an oil which solidified upon standing. The solid was triturated with ethyl ether and hexane and collected by filtration to 
give 5.149 g. of analytically pure title product; m.p. 90 - 92° C; [ct] D = +25.6 (c = 1.1, chloroform). TLC (ethyl acetate) 
R f =0.36. 

35 

c) fS-(R*,R*)|-2-f(2-Phthalimido-1-oxO'4'pentenyl)aminol-6'Oxohexanoic acid, methyl ester 

A -78 °C solution of oxatyl chloride (1 .38 ml., 0.95 g., 7.5 mmol.) in methylene chloride (70 ml.) was treated dropwise 
with a solution of dry dimethylsulfoxide (2.20 ml., 2.00 g., 25.6 mmol.) in methylene chloride (2 ml.). After 10 minutes, 

40 the mixture was treated with a solution of the product from part (b) (5.04 g., 1 3.0 mmol.) in methylene chloride (15 ml.). 
After an additional 10 minutes, triethylamine (9.0 ml.) was added and the mixture was stirred at -78° C. for 5 minutes, 
then allowed to warm gradually to 0° C. The mixture was partitioned between ethyl acetate/ethyl ether and 0.5 N 
hydrochloric acid. The organic extract was washed with 50% saturated sodium bicarbonate and brine, then dried (so- 
dium sulfate), filtered and stripped. The residue was crystallized from ethyl acetate/ethyl ether to afford compound 

45 4.567 g. of title product as a white solid. The mother liquor was flash chromatographed (Merck silica gel, 6/4-ethyl 
acetate/hexanes) and crystallized to give an additional 184 mg. of product for a total of 4.751 g.; m.p. 74 - 76° C; [a] D 
= +25.2° (c = 1 .3, chloroform). TLC (ethyl acetate:hexanes, 6:4) R f = 0.22. 

d) [S-(R*,R*)-1 l 2,3,4-Tetrahvdro-(1-oxo-2-phthalimido-4-pentenvl)-2-pyridinecarboxvlic acid, methyl ester 

50 

A solution of the product from part (c) (3.657 g. t 9.46 mmole) and trifluoroacetic acid (1 90 ul) in methylene chloride 
(70 ml.) was refluxed under argon for 1 .5 hours. The cooled mixture was washed with dilute aqueous sodium bicarbo- 
nate, dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica gel), 1 :1 ethyl 
acetate:hexanes) to afford 3.417 g. of the title product as an oil/foam. TLC (ethyl acetate: hexanes) R f = 0.50. 

55 

e) f4S-(4a,7a,10a&)1-Decahvdro-9-iodo-6-oxo-7-phthalimidopyridof1 > 2-a1azepine,4-carboxvlic acid, methyl ester 

A solution of the product from part (d) (1 .427 g., 3.87 mmole) in methylene chloride (8.8 ml.) was added dropwise 
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to a mixture of trifluoromethanesutfonic acid (2.2 ml.) and trifluoromethanesultonic anhydride (21 0 at room tem- 
perature. The bright yellow solution was stirred tor 5.5 hours, then poured into ice water and extracted with ethyl acetate. 
The ethyl acetate extract was washed with brine, dried (sodium sulfate), filtered and stripped. The crude residue (pre- 
dominantly a mixture of carboxylic acids) was dissolved in methanol (3 ml.) and methylene chloride (20 ml.) and treated 

s with excess ethereal diazomethane for 25 minutes. The excess diazomethane was removed via argon bubbling and 
the solvent was stripped. The residue was dissolved in methyl ethyl ketone (40 ml.) and treated with sodium iodide 
(2.48 g). After stirring at room temperature for 1 hour, the mixture was partitioned between ethyl acetate and water 
which contained a small amount of sodium bisulfite. The organic layer was washed with brine, dried (sodium sulfate), 
filtered and stripped. The residue was flash chromatographed (Merck silica gel, 1:1 ethyl acetate: hexanes followed by 

10 6:4 ethyl acetate: hexanes) to give 1.125 g. of title product as a white foam; [a] D = -17.1° (c = 0.7, chloroform). TLC 
(ethyl acetate: hexanes, 6:4) R f = 0.43. 

In addition 206 mg. of [4S-(4a,7a,10aP)]-1, 2,3,4,6,7,8, 10a-octahydro-6-oxo-7-phthalimidopyrido[1,2-a]azepine, 
4-carboxylic acid, methyl ester was obtained and was triturated with ethyl ether to a white solid; m.p. 162 - 166° C; 
No = -106.0° (c = 0.8, chloroform). TLC (ethyl acetate:hexanes, 6:4) R f = 0.36. 

75 

f) [4S-(4a,7a,10ag)|-Decahvdro-6-oxo-7-phthalimidopyridori,2-alazepine, 4-carboxylic acid, methyl ester 

A solution of the title product from part (e) (1.068 g., 2.15 mmole) and tris(trimethylsilyl)silane (1.0 ml., 806 mg., 
3.2 mmol.) in dry benzene (10 ml.) was heated to 50° C. and treated every 30 minutes with a catalytic amount (2-3 

20 mg) of 2,2'-azobisisobutyronitrile. After 3.5 hours, additional silane (400 uL) was added and the reaction was continued. 
After 5 hours, the slightly cloudy solution was cooled to room temperature and concentrated. The residue was triturated 
with ethyl ether and the resulting solid was collected by filtration and washed thoroughly with ethyl ether affording 522 
mg. of essentially pure title product. The mother liquor was flash chromatographed (Merck silica gel, ethyl acetate: 
hexanes, 1:1) to give an additional 261 mg. of pure product for a total of 783 mg.; m. p. 179- 181° C; [a] D = -10.6° (c 

25 - 0.9, chloroform). TLC (ethyl acetate:hexanes, 1:1) R f = 0.25. 

q) [4S-[4a,7a(R*),10aB1l-Decahvdro-7-[f2-facetvlthio)-1-oxo-3-phenvlpropvllaminol-6-oxopyrido-f1,2-alazepine- 
4-carboxylic acid, methyl ester 

30 The product from part (f) (786 mg., 2.12 mmole) in methanol (10 ml.) and methylene chloride (2 ml.) was treated 

with hydrazine monohydrate (135 uJ, 2.8 mmol.) and the solution was stirred at room temperature for 66 hours. The 
mixture was filtered and the solid was washed with methanol. The filtrate was stripped, triturated with methylene chlo- 
ride, and filtered again. The filtrate was washed with water and the aqueous layer was back-extracted with methylene 
chloride. The pooled methylene chloride extracts were dried (sodium sulfate), filtered and stripped to afford 479 mg. 

35 of crude [4S-[4S-(4a,7a,10aP)]-decahydro-7-amino-6-oxopyrido[1 ,2-a]-azapine-4-carboxylic acid, methyl ester as a 
colorless oil. TLC (10% methanol in methylene chloride) Rf = 0.18. 

A cold (0° C.) solution of (S)-2-(acetylthio)benzenepropanoic acid [obtained from the dicyclohexylamine salt as 
described previously, 524 mg., 2.33 mmol.), triethylamine (295 ui., 214 mg., 2.11 mmol.) and the above crude amine 
in methylene chloride (15 ml.) was treated with benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophos- 

40 phate (940 mg., 2.12 mmol.). The solution was stirred at 0° C. for 1 hour and then at room temperature for 2 hours. 
The solvent was stripped and the residue was partitioned between ethyl acetate and 1 N hydrochloric acid. The organic 
layer was washed successively with water, 50% saturated sodium bicarbonate and brine, then dried (sodium sulfate), 
filtered and stripped. The residue was flash chromatographed (Merck silica gel, ethyl acetate:hexanes, 1:1) to give 
770 mg. of pure title compound as a white foam. TLC (ethyl acetate:hexanes) R f = 0.27. 

45 

h) f4S-f4a,7a(R*).10aB11-Decahvdro-7-[(2-mercapto-1-oxo-3-phenvlpropvl)amino]-6-oxopyridof1,2-alazepine- 
4-carboxylic acid 

A room temperature solution of the product from part (g) (755 mg., 1.70 mmol.) in methanol (8 ml., deoxygenated 
50 via argon bubbling) was treated with 1 N sodium hydroxide (10 ml., deoxygenated via argon bubbling). After stirring 
for 3 hours, the mixture was acidified with 10% hydrochloric acid, diluted with water and extracted with ethyl acetate. 
The ethyl acetate extract was washed with brine, then dried (sodium sulfate), tittered and stripped. The residue was 
flash chromatographed (Merck silica gel, 1% acetic acid in ethyl acetate). The desired product fractions were stripped, 
azeotroped three times with ethyl acetate, taken up in a small amount of ethyl acetate and triturated with hexanes. The 
55 solvents were removed by rotary evaporation and the residue was again triturated with hexanes, stripped and dried jn 
vacuo to afford 654 mg. of title product as a white amorphous powder; [a] D = -31.0° (c = 0.8, chloroform). TLC (2% 
acetic acid in ethyl acetate) R f = 0.51 . 
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Anal, calc'd.for C 20 H 26 N 2 O 4 S -0.16 C 4 H 8 0 2 • 0.3 H a O: 





C, 60.46; 


H, 6.85; 


N, 6.83; 


S, 7.82 


Found: 


C, 60.57; 


H, 7.07; 


N, 6.57; 


S, 7.63. 



Example 36 

f3S-[3a(Rn,7011-Hexahvdro-3-f(2-mercapto-2-oxo-3-phenv^^ 
10 acid 

a) (S)-N-(2-Phthalimido-1-oxohexvl)glvcine > ethyl ester 

A slurry of glycine, ethyl ester, hydrochloride salt (2.718 g, 19.5 mmol.) in dimethylformamide (36 ml.) was treated 
15 with 4-methyl morpholine (2.60 ml., 2.39 g., 23.6 mmol.) and stirred at room temperature tor 5 minutes. The mixture 
was then treated with (S)-2-phthalimido-6-hydroxyhexanoic acid (4.50 g., 1 6.2 mmol.) and hydroxybenzotriazole (2.225 
g., 16.5 mmol.), cooled to 0° C, and then treated with ethyl-3-(3-dimethylamino)propyl carbodiimide, hydrochloride 
salt (3.438 g., 17.9 mmol.). After stirring at 0° C. for 1 hour and at room temperature for 2 hours, the mixture was 
partitioned between ethyl acetate and 0.5 N hydrochloric acid and subsequently extracted three times with ethyl acetate. 
20 The pooled ethyl acetate extracts were washed in succession with water, saturated sodium bicarbonate, and brine, 
then dried (sodium sulfate), filtered and stripped to give 5.77 g. of title product as a colorless oil. TLC (ethyl acetate) 
R f = 0.34. 

b) (SVN (2-Phthalimido-1,6-dioxohexvl)qlycine, ethyl ester 

25 

A -78° C. solution of oxalyl chloride (1.67 ml., 2.43 g., 19.1 mmol.) in methylene chloride (50 ml.) was treated 
dropwise with a solution of dry dimethylsulfoxide (2.70 ml., 2.97 g., 38.0 mmol.) in methylene chloride (2 ml.). After 15 
minutes, a solution of the product from part (a) (5.770 g., 15.9 mmol.) in methylene chloride (25 ml.) was added. After 
an additional 15 minutes, the mixture was treated with triethylamine (10.0 ml.), stirred at -78° C for 5 minutes, then let 
30 warm to 0° C. The resulting mixture was washed with 1 N hydrochloric acid and brine, then dried (sodium sulfate), 
filtered and stripped. The residue was flash chromatographed (Merck silica gel, ethyl acetate:hexanes, 80:20) to give 
5.170 g. of title compound as a colorless oil. 

c) (6S-trans)-Tetrahydro-6-phthalimido-oxazolo[3,2-b]azepine-2,5(3H,6H)-dione 

35 

A solution of the product from part (b) (5.16 g M 14.3 mmol.) in trifluoroaceticacid (40 ml.) and chloroform (160 ml.) 
was refluxed under argon for 42 hours. The mixture was cooled to room temperature and neutralized with saturated 
aqueous sodium bicarbonate. The layers were separated and the aqueous layer was extracted with methylene chloride. 
The pooled organic layers were washed with brine, dried (sodium sulfate), and filtered through a short plug of silica 
40 gel, washing with 1:1 -ethyl acetate:methylene chloride. The filtrate was stripped to give a solid residue. The residue 
was slurried in methylene chloride and triturated with ethyl ether to give 3.437 g. of title product as a white solid, m.p. 
234-240° C. TLC (acetone:hexane, 1:1) R f = 0.51. 

d) (3S-trans)-Hexahvdro-3-phthalimido-2-oxo-7-(2-propenyl)-1 H-azepine-1 -acetic acid 

45 

A solution of the product from part (c) (2.6 g., 8.27 mmol.) and allyltrimethylsilane (10.0 ml., 7.19 g., 62.9 mmol.) 
in methylene chloride (75 ml.) at room temperature was treated with stannic bromide (1.0 M in methylene chloride, 
16.5 ml., 16.5 mmol.). After stirring at room temperature for 9 hours and then at -20° C. for 14 hours, the mixture was 
quenched with water and extracted with ethyl acetate/ethyl ether. The extract was washed with brine, dried (sodium 
so sulfate), filtered and stripped to give a cloudy white oil. The oil was flash chromatographed (Merck silica gel, 2% acetic 
acid in ethyl acetate) to give 2.810 g. of the diastereomerically pure title compound as a white foam. TLC (5% acetic 
acid in ethyl acetate) R f = 0.55. 

e) (3S-trans)-Hexahydro-3-phthalimido-2-oxo-7-(2-propenyl)-1 H-azepine-1 -acetic acid, methyl ester 

55 

A cold (0° C.) solution of the product from part (d) (2.50 g., 7.0 mmol.) in methanol (20 ml.) and ethyl ether (30 
ml.) was treated with excess ethereal diazomethane for 10 minutes. The excess diazomethane was destroyed by the 
addition of acetic acid and the solvent was removed on the rotary evaporator to give a yellow oil. The oil was flash 
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chromatographed (Merck silica gel, 1 : 1 -ethyl acetate: hexanes) to obtain the product as a foam. The foam was dissolved 
in hot ethyl ether containing a little methylene chloride, cooled, and seeded to give 2.072 g. of crystalline title product. 
The mother liquor yielded an additional 262 mg. of product for a total of 2.334 g.; m. p. 107-109° C. TLC (ethyl acetate: 
hexane, 1:1) R f = 0.29 

5 

f) f3S-f3a(R*),7Pl1-Hexahvdro-3-f[2-(acetvlthio)-1-oxo-3-phenylpropyl1amino1-2-oxo-7-(2-propenvl)-1H-azepine- 
1 -acetic acid, methyl ester 

A slurry of the crystalline product from part (e) (492 mg., 1 .33 mmol. ) in methanol (10 ml.) was treated with hydrazine 
10 monohydrate (142 uJ, 147 mg., 2.93 mmol.) and the solution was briefly warmed to effect solubilization of the starting 
material. After stirring at room temperature for 18 hours, the mixture was diluted with methylene chloride and filtered. 
The filtrate was stripped, slurried in methylene chloride, filtered and stripped again to give the crude amine (270 mg.,) 
as a colorless oil. A cold (0° C.) solution of the amine and (S)-2-(acetylthio)benzenepropanoic acid (obtained from the 
dicyclohexylamine salt as described previously, 287 mg., 1.28 mmol.) in methylene chloride (12 ml.) was treated with 
75 triethylamine (172 ul, 125 mg., 1.23 mmol.) followed by benzotriazol-1-yloxytris (dimethylamino)phosphonium hex- 
afluorophosphate (547 mg., 1 .24 mmol.). The clear, nearly colorless solution was stirred at 0° C. for one hour and then 
at room temperature for 2 hours. The mixture was stripped, then partitioned between ethyl acetate and 1 N hydrochloric 
acid. The ethyl acetate extract was washed successively with water, 50% saturated sodium bicarbonate and brine. 
The solution was dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck silica 
20 gel, hexanes:acetone:ethyl ester, 6:3:1) to give 352 mg. of title product as an 84:16 mixture of diastereomers. This 
material was pooled with a similarly impure batch of product and the combined material was purified by preparative 
reverse-phase high performance liquid chromatography (YMC SH-365-10 S-10 120A ODS, 30 x 400 mm column, 
isocratic 66% methanol/34% water, 50 ml/min, detecting at 220 nm, title product t R = 22.6 min., impurity t R = 28.7 min.). 
The title product was obtained as a colorless oil in 98.2% purity. TLC (acetone: hexanes, 4:6) R f = 0.38. 

25 

q) f3S-f3a(R*),7Pl1-Hexahvdro-3-f(2-mercapto-1-oxo-3-phenvlpropvnaminol-2-oxo-7-(2-propenyl)-1H-azepine- 
1 -acetic acid 



30 



35 



40 



45 



A room temperature solution of the product from part (f) (720 mg., 1 .61 mmol.) in methanol (12 ml., deoxygenated 
via argon bubbling) was treated with 1 N sodium hydroxide (10 ml., deoxygenated via argon bubbling). After stirring 
for 20 minutes, the solution was acidified with 1 0% hydrochloric acid (5 ml.) and extracted with ethyl acetate. The ethyl 
acetate extract was washed with water and brine, then dried (sodium sulfate), filtered and stripped to afford an oil. The 
material was flash chromatographed (Merck silica gel, 2-5% acetic acid in ethyl acetate). The product containing frac- 
tions were pooled and stripped, and the residue was azeotroped three times with ethyl acetate. The resulting oil/foam 
was dissolved in a small amount of ethyl acetate and then triturated with hexane to produce a white oil/foam. The 
mixture was stripped to dryness, slurried in hexane, stripped to dryness again, and dried in vacuo to give 616 mg. of 
title product as a hard white foam; [<x] D = -48.5° (c = 0.63, chloroform). TLC (5% acetic acid in ethyl acetate) Rf = 0.56. 



Anal.cal'd. for C^H^N^S • 0.2 H 2 0: 



Found: 



C, 60.95; 


H, 6.75; 


N, 7.11; 


C, 60.98; 


H, 6.93; 


N, 6.93; 



S, 8.14 
S, 7.94 



Example 37 

f3S-f3a,(R*),7Bn-Hexahvdro-3-f(2-mercapto-1-oxo-3-phenvlpropyl)aminol-2-oxo-7-propvl-1H-azepine-1 -acetic acid 



a) (3S-trans-Hexahvdro-3-phthalimido-2-oxo-7-propyMH-azepine-1 -acetic acid, methyl ester 

so A solution of the product from Example 36(e) (767 mg., 2.07 mmol.) in methanol (10 ml.) and ethyl acetate (10 

ml.) was hydrogenated (balloon) over palladium (10% on carbon, 62 mg.) at room temperature for one hour The mixture 
was filtered through Celite, stripped, redissolved in ethyl acetate, filtered through a plug of silica gel and stripped again 
to afford 780 mg. of title product as a colorless oil. TLC (ethyl acetate:hexanes, 1 :1 ) R f = 0.29. 

55 b) f3S-f3afR*),7&l-Hexahvdro-3-ff2-(acetvlthio)-1-oxo-3-phenvlpropvl1amino1-2-oxo-7-propyl-1H-azepine-1 -acetic 
acid, methyl ester 



The product from part (a) (774 mg., 2.07 mmol.) in methanol (8 ml.) was treated with hydrazine monohydrate (222 
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III., 229 mg., 4.58 mmol.) and the solution was stirred at room temperature for 23 hours. The mixture was diluted with 
0.5 N hydrochloric acid (20 ml.)and stirred at 0° C. for 2 hours. The solution was filtered and the filtrate was washed 
with ethyl acetate. The ethyl acetate extract was back-extracted once with water and the pooled aqueous layers were 
made basic with 1 N sodium hydroxide. Extraction with methylene chloride (three times) followed by drying (sodium 
s sulfate) and evaporation of the solvent afforded the crude amine (354 mg.,) as a colorless oil. 

A cold (0° C.) solution of this crude amine and (S)-(acetylthio)benzenepropanoic acid [obtained from the dicy- 
clohexylamine salt as described previously, 344 mg., 1.53 mmol.) in methylene chloride (12 ml.) was treated with 
triethylamine (214 ul, 154 mg., 1.53 mmol.) followed by benzotriazol-1-yloxytris (dimethylamino)phosphonium hex- 
afluorophosphate (679 mg., 1 .54 mmol.). The clear, nearly colorless solution was stirred at 0° C. for one hour and then 
at room temperature for one hour. The mixture was stripped, then partitioned between ethyl acetate and 0.5 N hydro- 
chloric acid. The ethyl acetate extract was washed successively with water, 50% saturated sodium bicarbonate and 
brine. The solution was dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Merck 
silica gel, 6:4-hexanes:acetone) to give 510 mg. of pure title product as a colorless oil. TLC (acetone:hexanes, 4:6) R f 
= 0.31. 

15 

c) [3S-f3a(R*),7Pll-Hexahydro-3-[(2-mercapto-1 -oxo-3-phenylpropvl)amino1-2-oxo-7-propvl-1 H-azepine-1 -acetic acid 



20 



25 



A room temperature solution of the product from part (b) (502 mg, 1.12 mmol) in methanol (8 ml., deoxygenated 
via argon bubbling) was treated with 1 N NaOH (6 mL, deoxygenated via argon bubbling). After stirring for 25 minutes, 
the solution was acidified with 10% hydrochloric acid and extracted with ethyl acetate. The ethyl acetate extract was 
washed with water and brine, then dried (sodiuum sulfate), filtered and stripped to afford an oil. The material was flash 
chromatographed (Merck silica gel, 2% acetic acid in ethyl acetate). The product containing fractions were pooled and 
stripped, and the residue was azeotroped two times with ethyl acetate. The resulting oil/foam was dissolved in a small 
amount of methylene chloride and then triturated with hexane to produce a white oil/loam. The mixture was stripped 
to dryness, slurried in hexane, stripped to dryness again, and dried in vacuo to give 394 mg. of title product as a hard 
white foam; [a] D = - 51.2° (c = 0.65, chloroform). TLC (2% acedic acid in ethyl acetate) R f = 0.47. 





Anal, calc'd. for C 20 H 


28 N 2 0 4 S - 


0.2 H 2 0: 




30 




C, 60.95; 


H, 6.75; 


N, 7.11; 


S, 8.14 


Found: 


C, 60.98; 


H, 6.93; 


N, 6.93; 


S, 7.94. 



Example 38 

35 [3S-(3a(R*)7Pll"7-(Cvclopropvlmethvl)hexahvdro-3-f(2-mercapto-1-oxo-3-phenylpropvl)aminol-2-oxo-1H-i 



azepine- 



1 -acetic acid 

a) (3S-trans-7-(Cyclopropylmethyl)hexahydro-3-phthalimido-2 -oxo-1 H-azepine-1 -acetic acid.methyl ester 



40 To a solution of the product from Example 36(e) (700 mg. 1.89 mmol.) in 5 ml. of methylene chloride, cooled to 0° 

C, was added a 75 ml. portion of diazomethane/ethyl ether solution (prepared according to the procedure of Fieser & 
Fieser, Vol. I, p. 192), followed by 7 mg. (0.03 mmol.) of palladium(ll) acetate. The reaction mixture bubbled violently 
and turned clear. After stirring for 10 minutes an additional 25 ml. of diazomethane/ethyl ether solution was added to 
the reaction. The reaction was stirred at 0° C for 50 minutes, then filtered through celite and concentrated in vacuo to 

45 give a crude oil. The crude oil was flash chromatographed (Merck silica, 50 x 150 mm, 1:2 ethyl acetate/hexane) to 
give 717 mg. of title product as a white foam. 

b) [3S-f3a(Rn7dl1-7-(Cvclopropylmethvn^ 
azepine-1 -acetic acid, methyl ester 

50 

To a solution of the product from part (a) (697 mg., 1 .81 mmol.) in 8 ml. of methanol, stirred at room temperature, 
was added dropwise 92 ul (1 .90 mmol.) of hydrazine monohydrate. The reaction was stirred at room temperature for 
48 hours, then filtered to remove the solid byproducts. The filtrate was concentrated in vacuo , dissolved in methylene 
chloride, refiltered and reconcentrated to give a crude oil. The crude oil was dried under vacuum to give 441 mg. of 
55 crude amine as a white foam. This crude foam was used in the next reaction without further purification. 

To a cold (0° C) solution of 420 mg.(1 .64 mmol.) of this crude amine and 384 mg. (1 .81 mmol. of (S)-2-(acetylthio) 
benzenepropanoic acid (obtained from the dicyclohexylamine salt as described previously) in 10 ml. of chloroform was 
added 280 ul (1.97 mmol.) of triethylamine. The reaction mixture was stirred 30 minutes, then 799 mg. (1.81 mmol.) 
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of benzotriazol-1-yloxytris (dimethylamino)phosphonium hexafluorophosphate was added. The reaction was stirred at 
0° C for 48 hours, then an additional 399 mg. (0.904 mmol.) of benzotriazol-1-yloxytris(dimethylamino)phoisphonium 
hexafluorophosphate and 4 drops of triethylamine were added. The reaction was stirred at 0° C. for an additional 24 
hours, then partitioned between 50 ml. ethyl acetate/50 ml. 5% potassium bisulfate solution. The water layer was 
5 separated and extracted with 2-25 ml. portions of ethyl acetate; the combined ethyl acetate layers were washed with 
25 ml. of 5% potassium bisulfate solution, 40 ml. saturated sodium bicarbonate, 40 ml. brine, dried (magnesium sulfate) 
and concentrated in vacuo to give a crude oil. The oil was flash chromatographed (Merck silica gel, 50 x 200 mm, 1 : 
3 ethyl acetate/hexane, then 1 :2 ethyl acetate/hexane) to give 678 mg. of title product as a white foam. 

70 c) f3S-[3a(R*),7P1l-7-(Cvclopropylmethvnhexahvdro-3-f(2-mercapto-1 -oxo-3-phenylpropvnamino1-2-oxo-1 H : 
azepine-1 -acetic acid. 

A solution of 658 mg. (1 .43 mmol.) of the product from part (b) in 10 ml. of ethanol was purged with argon for 30 
minutes and cooled to 0° C. To this solution was added dropwise 6 ml. of 1 M sodium hydroxide, also purged with argon 

75 for 30 minutes and cooled to 0° C. The reaction was stirred at 0° C. for 1 hour with continuous argon purging, then 
acidified to pH 1 with 5% potassium bisulfate solution. The mixture was extracted with 3-80 ml. portions of ethyl acetate; 
the combined ethyl acetate layers were dried (magnesium sulfate) and concentrated in vacuo to give a crude oil. The 
oil was flash chromatographed (Merck silica gel, 50 x 150 mm., 0.2% acetic acid/ethyl acetate) to give a white foam. 
The foam was triturated from methylene chloride/hexane to give 490 mg. of title product as a white hard solid; [a] D = 

20 -78.9° (c = 1 .0, CDCI 3 ). TLC (5% methanol in methylene chloride plus 3 drops acetic acid) R, = 0.41 . 





Anal.calc'd. for C 21 H 2e N 2 S0 4 • 0.50 H 2 0: 






C, 61.00; 


H, 7.07; 


N, 6.77; 


S, 7.93 


25 


Found: 


C, 61.40; 


H, 6.75; 


N, 6.37; 


S, 7.75. 



Example 39 



r3S-f3a(R*UBll-7-(Cyclopentvnhexah^ 
30 acid 

a) (3S-trans)-7-(2-Cvclopentenyl)hexahvdro-3-phthalimido-2-oxo-1H-azepine-1 -acetic acid, methyl ester 

Tin tetrachloride (5.1 ml., 5.1 mmol., 1 M methylene chloride) was added dropwise to a solution of the product from 
35 Example 36 (e) (800 mg., 2.55 mmol.) and (2-cyclopentenyl)trimethylsilane (2.85 g., 20.4 mmole) in methylene chloride 
(60 ml.). The mixture was stirred at room temperature for 18 hours, then quenched by the addition of 100 ml. of water. 
The mixture was extracted with 3-100 ml. portions of ethyl acetate and 2-100 ml. portions of ethyl ether; the combined 
organic layers were washed with 100 ml. of brine, dried (sodium sulfate) and concentrated in vacuo to give a crude 
oil. The oil was flash chromatographed (Merck silica gel, 50 x 100 mm, 1:1 ethyl acetate/hexane then 2% acetic acid/ 
40 ethyl acetate)- to give 788 mg. of (3S-trans)-7-(2-cyclopentenyl)hexahydro-3-phthalimido-2-oxo-1 H-azepine-1 -acetic 
acid as a white foam. 

A solution of this acid (768 mg., 2.01 mmol.) in methanol (7 ml.yethyl ether (10 ml.) stirred at room temperature, 
was treated dropwise with a solution of diazomethane/ethyl ether (prepared according to the procedure of Fieser & 
Fieser, Vol. I, p. 192). The diazomethane/ethyl ether solution was added until the reaction mixture remained yellow 
45 and the bubbling ceased. The mixture was stirred 10 minutes, then the excess diazomethane was quenched by the 
dropwise addition of 0.3 ml. of acetic acid. The colorless solution was concentrated in vacuo to give a crude oil. The 
oil was flash chromatographed (Merck silica gel, 50 x 1 00 mm, 1 :2 ethyl acetate/hexane) to give 640 mg. of title product 
as a white foam. 

so b) (3S-trans)-7-(Cyclopentvnhexahvdro-3-phthalimido-2-oxo-1 H-azepine-1 -acetic acid, methyl ester 

A solution of the product from part (a) (700 mg., 1.89 mmol.) in 5 ml. of methanol was purged with argon for 15 
minutes, then 150 mg. (25% by weight) of 10% palladium on carbon was added. The reaction vessel was evacuated 
and filled with hydrogen three times and stirred under hydrogen (1 atm, balloon) for 5 hours. The reaction mixture was 
55 filtered through Celite; the filtrate was concentrated in vacuo to give 594 mg. of title product as a white foam. 
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1 -acetic acid, methyl ester 

A solution of the product from part (b) in methanol was treated with hydrazine monohydrate according to the 
s procedure described in Example 38 part (b) affording crude (3S-trans)-7-(cyclopentyl)hexahydro-3-amino-2-oxo-1 H- 
azepine-1 -acetic acid, methyl ester as a white foam. 

This white foam was treated with (S)-(acetylthio)benzenepropanoic acid according to the procedure described in 
Example 38 part (b) affording the title product as a clear oil. 

10 d) [3S-r3a(RMJ&11-7-(Cvclopentvl)hexahvdro-3-ff2-mercapto-1-oxo-3-phenvlpropvnamino1-2-oxo-1H-azepine- 
1 -acetic acid 



A solution of the product from part (c) in methanol was treated with 1 M sodium hydroxide according to the procedu re 
of Example 38 part (c) affording the title product as a white hard solid; [a] D = -78. 1 0 (c = 1 , CDCI 3 ). TLC (5% methanol 
in methylene chloride plus 3 drops acetic acid) R f = 0.39. 





Anal. Calc'd. for C 22 H 30 N 2 SO4 • 


0.03 H 2 0: 








C, 63.06; 


H, 7.23; 


N, 6.69; 


S, 7.65 


20 


Found: 


C, 6325; 


H, 7.25; 


N, 6.50; 


S, 7.55. 



Example 40 



fS-(R* 1 R*)1-Hexahvdro-3-|(2-mercapto-1-oxo-3-phenvlpropyl)aminol-2-oxo-1H-azepine-1 -propanoic acid 

25 

a) (S)-3-f ff(1,1-Dimethvlethoxy)carbonylaminolhexahydro-2-oxo-1H-azepine-1 -propanoic acid, ethyl ester 

A solution of the product from Example 9(b) (1.75 g., 7.67 mmol.) in tetrahydrofuran:t-butanol (2:1, 30 ml.) was 
cooled to 0° C. and treated with ethyl acrylate (1.16 ml., 10.74 mmol., 1.4 eq.) and then 1.0 N t-butanoi, potassium 

30 salt (767 ill., 0.1 eq.). The reaction mixture was stirred at 0° C. for 15 minutes then at room temperature for 1 hour. 
The reaction was quenched with 25% ammonium chloride (50 ml.) and extracted with ethyl acetate (2 x 125 ml.). The 
combined organics was washed with 25% ammonium chloride (50 mi.), water (100 ml.), and brine (100 ml.), dried over 
magnesium sulfate, filtered and concentrated to yield a clear syrup. The residue was purified by chromatography on 
a 5 x 1 5 cm silica gel column eluting with 30% ethyl acetate/hexane mixture. The desired fractions were combined and 

35 concentrated to afford 2. 1 8 g. title product as a clear syrup. TLC (ethyl acetate:hexane, 1:1) R f = 0.38. 

b) fS-(R* l R*)l-Hexahvdro-3-f|2-(acetvlthio)-1-oxo-3-phenvlpropylIaminol-2-oxo-1-azepine-1 -propanoic acid, ethyl 
ester 

40 The product from part (a) (2. 1 5 g., 6.55 mmole) was treated with 4 N hydrochloric acid/dioxane (30 ml., 1 20 mmole) 

at 0° C. for 30 minutes, then at room temperature for 2 hours. The reaction mixture was concentrated, stripped with 
ethyl ether (twice), azeotroped with toluene (3 times) and dried in vacuo for 5 hours affording (S)-3-amino-hexahydro- 
2-oxo-1H-azepine-1 -propanoic acid, ethyl ester, hydrochloride salt. 

This amine was them coupled with (S)-(acetylthio)benzenepropanoic acid in the presence of triethylamine and 

45 benzotriazol-1 -yloxytris(dimethylaminolphosphonium hexafluorophosphate as described in Example 31 part (c) afford- 
ing the title product. TLC (ethyl acetate: hexane, 1:1) R f = 0.19. 

c) fS-(R*,R*)-Hexahydro-3-f(2-mercapto-1 -oxo-3-phenvlpropyl)amino1-2-oxo-1 H-azepine-1 -propanoic acid 

so The product from part (b) in methanol was treated with 1 N sodium hydroxide as described in Example 31 part (d) 

affording the title product as a white foam; [a] D = +4.44° (c = 1 .24, methanol). TLC (1 % acetic acid in ethyl acetate) R* 
= 0.27. 



55 


Anal, calc'd. for C 1Q H 


24 N 2 0 4 S • 


0.17 H 2 0: 






C, 58.83; 


H, 6.67; 


N, 7.62; 


S, 8.72 




Found: 


C, 58.83; 


H, 6.87; 


N, 7.33; 


S, 8.49. 
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Example 41 

fS-(R\R*)l-Hexahydro-34(2-mercapto-1^ 
acid 

5 

a) (R*)-N-(2-Phthalimido-6-hydroxv-1-oxohexvl)-L-phennvlalanine, ethyl ester 

To a solution of L-phenylalanine, ethyl ester, hydrochloride salt (998 mg M 4.3 mmol.) in dimethylformamide (10 
ml.) was added 4-methylmorpholine (575 ul, 529 mg, 5.2 mmol.). After stirring at room temperature for 5 minutes, the 

io solution was cooled to 0° C and treated successively with (S)-2-phthalamido-6-hydroxyhexanoic acid (1.002 g., 3.6 
mmol.), hydroxybenzotriazole (582 mg., 4.3 mmol.), and ethyl-3-(3-dimethylamino)propyl carbodiimide, hydrochloride 
salt (770 mg. , 4.0 mmol.). The resulting mixture was stirred at 0° C. for 0.5 hour and at room temperature for 1 .5 hours. 
The solution was partitioned between ethyl acetate and water and the organic extract was washed successively with 
0.5 N hydrochloric acid, water, 50% saturated sodium bicarbonate, and brine, then dried (sodium sulfate), filtered and 

is stripped to give 1.63 g. of essentially pure title product as an oil/foam. TLC (acetone:hexanes, 1:1) R f = 0.30. 

b) (R*)'N-(2-Phthalimido-1,6'dioxohexyl)'L-phenvlalanine, ethyl ester 

A -78 °C. solution of oxalyl chloride (370 ul, 538 mg., 4.2 mmol.) in methylene chloride (10 ml.) was treated 
20 dropwise with a solution of dry dimethylsulfoxide (610 um, 672 mg., 8.6 mmol.) in methylene chloride (1.5 ml.). After 

10 minutes, a solution of the product from part (a) (1.616 g., 3.6 mmol.) in methylene chloride (10 ml.) was added. 

After an additional 15 minutes, the mixture was treated with triethylamine (4.0 ml.), stirred at -78° C. for 5 minutes, 

then let warm to 0° C. The resulting white slurry was partitioned between 0.5 N hydrochloric acid and ethyl acetate. 

The organic extract was washed with brine, then dried (sodium sulfate), filtered and stripped. The residue was flash 
25 chromatographed (Merck silica gel, 40:60-acetone:hexanes) to afford 1.474 g.of title product as an oil/foam. TLC (ac- 

etone:hexanes, 1:1) 

R f = 0.45. 

c) f3S-(3a,6& 1 9aa)l-Tetrahvdro-3-(phenylmethvl)-6-phthalimido-oxazole[3,2-alazepine-2,5(3H,6H)-dione 

30 . - , 

A mixture of the product from part (b) (6.11 g., 1 3.6 mmol.) and trifluoroacetic acid (34 ml.) in chloroform (205 ml.) 
was refluxed for 6 days. The solution was cooled to room temperature and neutralized with saturated sodium bicarbo- 
nate. The layers were separated and the aqueous layer was extracted with methylene chloride. The pooled organic 
layers were washed with water, dried (sodium sulfate), filtered and stripped to give a dark yellow-orange oil. The residue 
35 was flash chromatographed (Merck silica gel, 40 to 60% ethyl acetate in hexanes) to afford 3.075 g. of title product as 
a white foam. 

d) fS-(R*,R*)1-Hexahvdro-2-oxo-3-phthalimido-a-(phenylmethvn-1H-azepine-1 -acetic acid, methyl ester 

40 A solution of the product from part (c) (1.40 g., 3.46 mmol.) and triethylsilane (4.4 ml., 3.20 g., 27.5 mmol.) in 

methylene chloride (42 ml.) at room temperature was treated dropwise with titanium tetrachloride (1.0 M in methylene 
chloride, 7.0 ml., 7.0 mmol.). The clear colorless solution became bright yellow upon the addition of titanium tetrachlo- 
ride; no precipitate resulted. After stirring for 66 hours, the mixture was quenched with water and extracted with ethyl 
acetate. The ethyl acetate extract was washed with water and brine, dried (sodium sulfate), filtered and stripped to 

45 give an oil. Flash chromatography (Merck silica gel, ethyl acetate followed by 2% acetic acid in ethyl acetate) provided 
870 mg. of [S-(R*,R*)]-hexahydro-2-oxo-3-phthalimido-a-(phenylmethyl)-1H"azepine-1 -acetic acid as a white foam. 

A cold (0 °C) solution of this acid (898 mg., 2.21 mmol.) in methanol (8 ml.) and methylene chloride (12 ml.) was 
treated with excess ethereal diazomethane for 5 minutes. The excess diazomethane was destroyed by the addition of 
acetic acid and the solvent was removed on the rotary evaporator to give a yellow oil. The residue was flash chroma- 

50 tographed (Merck silica gel, 50 to 60% ethyl acetate in hexanes) affording 858 mg. of title product as a white foam. 
TLC (ethyl acetate:hexanes, 1:1) R f = 0.30. 

e) fS-(R*,R*)1-Hexahvdro-3-ff2-(acetvlthio)-1-oxo-3-phenylpropvl1aminol-2-oxo-a-(phenvlmethyl)-1H-azepine- 
1 -acetic acid, methyl ester 

55 

A solution of the product from part (d) in methanol was treated with hydrazine monohydrate according to the 
procedure of Example 36 part (f) affording [S-(R*,R*)]-hexahydro-3-amino-2-oxo-a-(phenylmethyl)-1H-azepine-1 -ace- 
tic acid, methyl ester as a pale yellow oil. TLC (methylene ch bride :acetic acid:methanol, 8:1:1) R r = 0.60. 
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A cold (0° C.) solution of this amine was reacted with (S)-2-(acetylthio)benzenepropanoic acid in the presence of 
triethylamine and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate according to the proce- 
dure of Example 36 (f) affording the title product as a colorless oil/foam. TLC (acetone :hexanes, 1 :1 ) R f = 0.54. 

5 f) f5-(^R»)l-Hexahydro-3-f(2-merca^^ 
acid 



10 



20 



25 



35 



40 



50 



A solution of the product from part (e) in methanol was treated with 1 N sodium hydroxide according to the procedure 
of Example 36 part (g) affording the title product as a relatively hard white foam; [a] D = -64.2° (c = 0.54, chloroform). 
TLC (5% acetic acid in ethyl acetate) R f = 0.60. 





Anal, calc'd. for C 24 H 


28 N 2 0 4 S . 


0.31 H 2 0: 








C, 64.61; 


H, 6.47; 


N, 6.28; 


S, 7.19 


75 


Found: 


C, 64.61; 


H, 6.78; 


N, 5.89; 


S, 7.46 



Example 42 

r6fS)1-Hexahvdro^-f(2-mercapto-1-oxo-3-phenvlpropvl)arninol-2,2-dimethyl-7-oxo-1H-azepine-1 -acetic acid 
a) 2,2-Dimethylcyclohexanone, oxime 

A solution of 2,2-dimethylcyclohexanone (8.960 g., 65 mmol.), pyridine (12.0 ml., 12.27 g., 155 mmol.), and hy- 
droxylamine hydrochloride (10.30 g., 148 mmol.) in absolute ethanol (50 ml.) was heated at 85° C. for 2 hours. The 
cooled mixture was partitioned between ethyl ether and water and the ethereal layer was washed successively with 1 
N hydrochloric acid and brine, then dried (sodium sulfate), filtered and stripped. The solid residue was dissolved in a 
small amount of hot hexane and cooled to 0° C. to afford 6.801 g. of title product as white flakes; m. p. 91 -93°C. TLC 
(ethyl acetate:hexane, 4:6) R f = 0.60. 

30 b) Hexahvdro-3,3-dichloro-7,7-dimethyl-2-oxo-2H-azepine 

A cold (0-10° C.) slurry of phosphorus pentachloride (32.50 g., 156.1 mmol.) in methylene chloride (250 ml.) was 
treated with a solution of the product from part (a) (7.353 g., 52.1 mmol.) in methylene chloride (50 ml.) over a 10 
minute period. The mixture was warmed to room temperature and chlorine gas was bubbled through the solution at 
0.5 and 1 .5 hours after addition of the oxime. After a total of 3 hours, the mixture was quenched with crushed ice (70 
ml.) followed by saturated sodium bicarbonate (150 ml.). Periodic cooling was necessary. The biphasic mixture was 
stirred vigorously at room temperature for 1 8 hours, then the layers were separated and the methylene chloride extract 
was washed with saturated sodium bicarbonate/brine. The organic layer was dried (sodium sulfate), filtered, stripped, 
and flash chromatographed (Merck silica gel, 2/8-ethyl acetate/methylene chloride). Fractions containing the desired 
product were stripped and the residue was dissolved in hot methylene chloride/ethyl acetate and cooled to afford 5.1 52 
g. of pure title product. The mother liquor was re-chromatographed (Merck silica gel, 1/9-ethyl acetate/methylene chlo- 
ride) to give an additional 2.054 g. of pure product for a total yield of 7.206 g.; m. p. 148-155° C. (broad). TLC (ethyl 
acetate:methylene chloride, 1:9) R f = 0.36. 

45 c) Hexahvdro-3-chloro-7,7-dimethyl-2H-azepine 

A solution of the product from part (b) (7.180 g., 34.2 mmol.) in glacial acetic acid (150 ml.) was hydrogenated 
(balloon) over 10% palladium on carbon catalyst (2.5 g.) for 1.75 hours. The mixture was filtered through Celite and 
the solvent was removed by rotary evaporation. The residue was flash chromatographed (Merck silica gel, 3/7-ethyl 
acetate/methylene chloride) to afford impure desired product as an oily solid. The residue was treated with ethyl ether 
and triturated with hexane to afford 2.845 g. of pure title product as a white solid. The mother liquor was re-chromato- 
graphed (Merck silica gel, 3/7-ethyl acetate/methylene chloride) to give 1.93 g. of additional pure solid product. The 
solids were pooled to give 4.775 g.of pure title product; m. p. 115 - 117° C. TLC (ethyl acetate:methylene chloride, 3: 
7)R f = 0.41. 



55 



d) Hexahvdro-S-azido^-dimethyl^-oxo^H-azepine 



A slurry of the product from part (c) (4.670 g., 26.6 mmol.) and sodium azide (4.360 g., 67.0 mmol.) in dry dimeth- 
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ylsulfoxide (100 ml.) was heated at 80° C. for 6 hours. The solution was cooled to 0° C and treated with 175 ml. of ice 
cold water The resulting snow white precipitate was collected by filtration, washed with water and dried to give 2.37 
g. of pure title product. The filtrate was extracted with ethyl acetate and the organic extract was washed twice with 
water and once with brine, then dried (sodium sulfate), filtered and stripped. Trituration of the residue with ethyl ether 
5 and hexane afforded 1 .637 g. of additional product. The isolated solids were pooled to give 4.007 g. of pure title product; 
m. p. 98 - 100° C. TLC (ethyl acetate: hexane, 75:25) R ( = 0.51. 

e) Hexahvdro-3[fn,lHjimethvlethoxv)carbonvl1aminoV7,7-dimethvl-2-oxo-2H-azepine 

J0 A solution of the product from part (d) (3.469 g. , 1 9.0 mmol.) in methanol (80 ml.) was hydrogenated (balloon) over 

10% palladium on carbon catalyst (850 mg.) for 1 .5 hours. The mixture was filtered through Celite and the solvent was 
removed by rotary evaporation. The residue was evaporated once from methylene chloride to afford the crude amine 
as a white solid. The solid was redissolved in chloroform and treated successively with triethylamine (2.65 ml., 1 .92 
g., 19.0 mmol.) and di-tert-butyl-dicarbonate(5.000 g., 22.9 mmol.). After stirring at room temperature for 1 hour, the 
solution was stripped and the residue was triturated with ethyl acetate/ethyl ether to afford 2.668 g. of title product as 
a white solid. The filtrate was flash chromatographed (Merck silica gel, 2/8-ethyl acetate/methylene chloride) to give 
additional pure product which was pooled with the above solid to give a total of 4.082 g. of pure title product; m. p. 156 
- 1 58.5° C. TLC (ethyl acetate:methylene chloride, 2:8) R f = 0.26. 

20 f) Hexahvdro-3-[[(1,1-dimethvlethoxv)carbonvn-aminol>7,7-dimethyl-2-oxo-1H-azepine-1 -acetic acid, ethyl ester 

A room temperature solution of the product from part (e) (3.512 g., 13.7 mmol.) in dry tetrahydrofuran (110 ml.) 
was treated with lithium hexamethyldisilazane (1.0 M in tetrahydrofuran, 21 ml., 21 mmol.) followed by ethyl bromoa- 
cetate (3.0 ml., 4.52 g., 27.0 mmol.). After 20 minutes, additional lithium hexamethyldisilazane (21 ml.) was added 
25 followed by an additional 1 .5 ml. of ethyl bromoacetate. The dark orange solution was stirred at room temperature for 
an additional 30 minutes, then quenched by the addition of saturated ammonium chloride and water. The mixture was 
extracted with ethyl acetate and the organic extract was washed with brine, dried (sodium sulfate), filtered, and stripped 
to give a dark oil. The residue was flash chromatographed (Merck silica gel, 35 to 50% ethyl acetate in hexane) to give 
1 .363 g. of pure title product as a pale yellow oil. TLC (ethyl acetate:hexane, 1 :1 ) R f = 0.48. 

30 

q) [6(S)l-Hexahvdro-6-[f2-(Acetvlthio-1-oxo-3-phenvlpropvnaminol-2 > 2-dimethyl-7-oxo-1H-azepine-1 -acetic acid, 
ethyl ester 

A solution of the product from part (f) (1 .349 g., 3.94 mmol.) in p-dioxane (3 ml.) was treated with hydrochloric acid 
35 (4.0 M in p-dioxane, 1 2 ml.). The mixture was stirred at room temperature for 1 .5 hours. The solvent was stripped and 
the residue was partioned between methylene chloride and 0.2 N sodium hydroxide (26 ml.). The layers were separated 
and the aqueous layer was extracted with ethyl ether/ethyl acetate. The pooled organic extracts were dried (sodium 
sulfate), filtered and stripped to give 982 mg. of the crude free amine as a yellow oil. TLC (methanol:methylene chloride, 
1:9) R f = 0.16. 

40 a solution of (S)-2-(acetylthio) benzenepropanoic acid [obtained from the dicyclohexylamine salt as previously 

described (973 mg. , 4. 3 mmol.)] and the above crude amine in methylene chloride (30 ml. ) was treated with triethylamine 
(1.15 ml., 835 mg., 8.2 mmol.) and the mixture was cooled to 0° C. Benzotriazol-1-yloxy-tris(dimethylamino)phospho- 
nium hexafluorophosphate (1 .91 5 g., 4.3 mmol.) was then added as a solid. The solution was stirred at 0° C. for 1 hour 
and then at room temperature for 1 .5 hours. The solvent was stripped and the residue was partitioned between ethyl 

45 acetate and 0.5 N hydrochloric acid. The organic layer was washed successively with water, 50% saturated sodium 
bicarbonate and brine, then dried (sodium sulfate), filtered and stripped. The residue was flash chromatographed (Mer- 
ck silica gel, 3:7 acetone:hexanes) to give 1.564 g. of title product as an oil. (1:1 mixture of diastereomers). TLC 
(acetone:hexanes, 3:7 ) R f = 0.30. 

50 h) f6(S)l-Hexahydro-6-ff2-mercapto-1 -oxo-3-phenvlpropyl)aminol-2,2-dimethvl-7-oxo-1 H-azepine-1 -acetic acid 

A room temperature solution of the product from part (g) (1 .548 g., 3.45 mmol.) in methanol (20 ml., deoxygenated 
via argon bubbling) was treated with 1 N sodium hydroxide (15 ml., deoxygenated via argon bubbling). After stirring 
for 30 minutes, additional 1 N sodium hydroxide (15 ml.) was added and stirring under argon continued. After a total 
55 of 3 hours, the solution was acidified with 6 N hydrochloric acid and extracted with ethyl acetate. The ethyl acetate 
extract was washed with water and brine, then dried (sodium sulfate), filtered and stripped to afford an oil. The material 
was flash chromatographed (Merck silica gel, ethyl acetate followed by 1 .5% acetic acid in ethyl acetate). The fractions 
containing essentially pure title product were pooled, stripped, and azeotroped twice with ethyl acetate. The mixture 
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was dissolved in a small amount of ethyl acetate and triturated with hexane to give a foam. The volatiles were stripped, 
the residue was slurried in hexane, stripped to dryness again, and dried in vacuo to give 863 mg. of title product as a 
relatively hard white foam as a 45:55 mixture of diastereomers. TLC (2% acetic acid in ethyl acetate) R, = 0.40. 



Anal, calc'd. for C 19 H 26 N 2 0 4 S . 0.2 H 2 0: 





C, 59.73; 


H, 6.96; 


N, 7.33; 


S, 8.39 


Found: 


C, 59.79; 


H.7.13; 


N. 7.13; 


S, 7.99. 



w Example 43 

fS-(^S*)l-3,4-Dihvdro-3-^ 

acid ~ " 



15 a) 2,3"Dihydro-3-amino-4-oxo-1,5-benzothiazepine-5(4H)-propanoic acid, ethyl ester 

2 l 3-Dihydro-3-[[(phenylmethoxy)carbonyl]amino]-1 l 5-benzothiazepine-4(5H)-one [prepared according to the pro- 
cedure of Slade et al., J. Med. Chem., 28, p 151 7 - 1521 (1985)] (2.04 g., 6.21 mmol.) was azeotroped with a mixture 
of methylene chloride/toluene (3x) and dried in vacuo for one hour. A suspension of this compound in tetrahydrofuran: 
tert-butanol (2:1, 21 ml.), cooled to 0°C, was treated with ethyl acrylate (1.08 ml., 9.94 mmol., 1 .6 eq.) and then 1.0 
N t-butanol, potassiun salt/tetrahydrofuran (621 uJ., 0.1 eq.). The reaction mixture was stirred at 0° C. for 15 minutes 
then at room temperature for 20 hours under argon. The reaction was quenched with 50% ammonium chloride (50 
ml.) and extracted with ethyl acetate (2 x 150 ml.). The combined organics were washed with saturated ammonium 
chloride (75 ml.), water (75 ml.), and brine (100 ml.), dried over magnesium sulfate, filtered and concentrated to yield 
a clear yellow syrup. The residue was purified by chromatography on a 5 x 20 cm silica gel column eluting with 20% 
ethyl acetate/ hexane mixture (2 1.). The desired fractions were combined and concentrated to afford 2.33 g of a mixture 
of 2,3-dihydro-3-[(3-ethoxy-3-oxopropyl)-[(phenylmethoxy)carbonyl]amino]-4-oxo-1,5-benzothiazepine-5(4H)-propa- 
noic acid, ethyl ester (25%) and 2,3-dihydro-3-[[(phenylmethoxy)carbonyl]-amino] -4-oxo-1 ,5-benzothiazepine-5 (4H)- 
propanoic acid, ethyl ester (75%) as a clear syrup. 

The above mixture (698 mg., 1.32 mmol. of the first named compound and 1.698 g., 3.96 mmol. of the second 
named compound) and 30% hydrogen bromide/acetic acid solution (8.71 ml., 41.98 mmol.) was stirred under argon 
at room temperature for 1.5 hours. The reaction mixture was diluted with ethyl ether (200 ml.), stirred until off-white 
precipitates formed and filtered, washing the orange solids with ethyl ether (4 x 50 ml.). The crude residue was then 
dissolved in 1N hydrochloric acid (100 ml.) and extracted with ethyl acetate (2 x 100 ml.). The aqueous phase was 
then brought to pH 9 with 1 N sodium hydroxide and extracted with ethyl acetate (3 x 100 ml.). The combined organics 
were washed with brine (75 ml.), dried over magnesium sulfate, filtered and concentrated to yield 1 .50 g. crude yellow 
oil. The residue was purified by chromatography on a 5 x 20 cm silica gel column eluting with 1 % (2 I.), 2% (1 I.), and 
finally 5% (1 I.) of methanol in methylene chloride. The desired fractions were concentrated and dried in vacuo to yield 
1.163 g. of title product. TLC (methylene chloride:methanol, 9:1) R f = 0.40. 



20 



25 



30 



35 



40 



45 



b) IS-(R*,S*)l-3,4-Dihvdro-3-[f2-facetvlthio)-1-oxo-3-phenvlpropyllaminol-4-oxo-1.5-benzothiazepine -5(2H)- 
propanoic acid, ethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as previously described) was 
dissolved in dry methylene chloride, cooled to 0° C, and treated with a solution of the product from part (a) in dry 
methylene chloride followed by triethylamine and benzotriazol-1 -yloxy(dimethylamino)phosophonium hexafluorophos- 
phate as described in Example 36 part (f) affording the title product. TLC (ethyl acetate:hexane, 1 :1) R f = 0.39. 



c) fS-(RrR ni-3,4-Dihvdro-3-f(2-merca^^ ac id 

A solution of the product from part (b) in methanol was treated with 1 N sodium hydroxide according to the procedure 
of Example 36 part (g) affording the title product as a white foam; 
[a] D = -161.6° (c= 1.16, methanol). TLC (1% acetic acid in ethyl acetate) R, = 0.45. 



55 


Anal, calc'd. for C^H^fs^O^ 


0.4 H 2 0: 








C, 57.63; 


H, 5.25; 


N, 6.40; 


S, 14.65 




Found: 


C, 57.65; 


H, 5.04; 


N, 6.38; 


S, 14.44. 
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Example 44 

[3(S)1-2,3,4,5-Tetrahydro-3-[(2-m^ acid 

a) 3-Amino-2 t 3A5-Tetrahydro-2-oxo-1 H-1 -benzazepine-1 -propanoic acid, ethyl ester 

A solution of 3-azido-1 ,3,4,5-tetrahydro-2H-1-benzazepin-2-one [prepared as described by watthey et al., J. Med. 
Chem., 28, p. 1511 - 15156 (1985)] in tetrahydrofuran/tert-butanol was cooled to 0° C. and treated with ethyl acrylate 
and 1 N tert-butanol, potassium salt/tetrahydrofuran according to the procedure of Example 40 part (a) affording 3-azido- 
2,3,4,5-tetrahydro-2-oxo-1 H-1 -benzazepine-1 -propanoic acid, ethyl ester as a syrup. TLC (ethyl ether: hexane, 1:1) 
R f =0.45. 

A solution of this compound (2.258 g., 6.94 mmoL) in absolute ethanol was treated with 10% palladium on carbon 
catalyst and hydrogenated at 40 psi for 4 hours, venting the Parr bottle after the first hour. The mixture was diluted 
with ethanol (50 ml.) and filtered through a Celite pad, washing the pad thoroughly with ethanol (2 x 50 ml.). The clear 
filtrate was evaporated to dryness and dried in vacuo to give 2.098 g of the title product as a clear light yellow syrup. 
TLC (methylene chloride: methanol, 9:1) R f = 0.32. 

b) [3(S)-2,3,4,5-Tetrahvdro-3-ff2-(acetylthio-1 -oxo-3-phenvlpropvnamino]-2-oxo-1 H-1 -benzazepine-1 -propanoic acid 

(S)-2-(Acetylthio)benzenepropanoic acid [obtained form the dicyclohexylamine salt as previously described] was 
dissolved in methylene chloride, cooled down to 0° C, and treated sequentially with a solution of the product from part 
(a) in dry methylene chloride, triethylamine, and benzotriazol-1-yloxytris (dimethylamino)phosphonium hexafluoro- 
phosphate according to the procedure of Example 36 part (f) affording the title product as a syrup. TLC (ethyl acetate: 
hexane, 1 : 1 ) R f = 0.56 and 0.52. 

c) f3(S)1-2,3,4,5-Tetrahvdro-3-[(2-mercapto-1-oxo-3-phenvlpropvnamino]-2-oxo-1 H-1 -benzazepine-1 -propanoic acid 

A solution of the product from part (b) in methanol was cooled down to 0°C. and treated with 1 N sodium hydroxide 
according to the procedure of Example 36 part (g) affording the title product as a solid foam; [a] D = + 41 .8° (c= 0.608, 
methanol). TLC (methylene chioride:methanol:acetic acid, 20:1:1) R f = 0.47. 



Anal, calc'd.for C 22 H 24 N 2 O 4 S.0-25 C 5 H 12 • 0.413 H 2 0: 



Found: 



C, 63.76; 


H, 6.21; 


N, 6.40; 


C, 63.76; 


H, 6.18; 


N, 6.38; 



S, 7.32 
S, 7.45. 



Example 45 

[3(S)1-2,3,4 t 5-Tetrahvdro-3-[[2-(mercaptomethvl)-1-oxo-3-phenylpropvl]aminol-2-oxo-1H-1-benzazepine- 
1 -propanoic acid 



a) [3(S)]-2,3,4,5-Tetrahydro-3-[[2-[(acetvlthio)methvn-1 -oxo-3-phenvlpropyl]amino]-2-oxo-1 H-1 -benzazepine- 
1 -propanoic acid 

(S)-2-[(Acetylthio)methyl]benzenepropanoic acid[obtained from the ephedrine salt as described previously] was 
dissolved in dry methylene chloride, cooled down to 0° C, and treated with 1 -hydroxybenzotriazole hydrate and 1 -ethyl- 
3-(3-dimethylaminopropyl)carbodiimide and a solution of the product from Example 44(a) in dry methylene chloride 
according to the procedure of Example 8 part (a) to afford the title product as a syrup. TLC (ethyl acetate:hexane, 1: 
1)R f =0.58. 

b) [3(S)-2,3,4,5-Tetrahydro-3-[f2-(mercaptomethyl)-1 -oxo-3-phenylpropyl1amino1-2-oxo-1 H-1 -benzazepine-1 - 
propanoic acid 

A solution of the product from part (a) in methanol was cooled down to 0° C. and treated with 1 N sodium hydroxide 
according to the procedure of Example 8 part (b) to afford the title product as an amorphous solid; [a] D = +46.9° (c = 
0.608, methanol). TLC (chloroform: methanol: acetic acid, 20:1:1) R f = 0.42. 
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Anal, calc'd. for C 23 H 26 N 2 0 4 S . 0.233 C 5 H 12 • 0.61 H 2 0: 



C, 63.89; 


H, 6.65; 


N.6.17; 


S, 7.06 


C, 63.89; 


H, 6.40; 


N.6.18; 


S, 6.82. 



Example 46 (Compound not claimed) 

f1S-f1a,9a(R»)1l-cctahvdro-9-f(2-merc^^ 
w diazepine-1-carboxylic acid 

a) (1S-cis)-Octahvdro-9-phthalim^^ acid, 
1,1-dimethylethyl ester 

75 5,6-Dihydro-1,3 (2H,4H)-pyridazinedicarboxylic acid, 3-(1,1 -dimethylethyl)-1-(phenylmethyl)ester [prepared as 

described by Adams et aL, Synthetic Communications, 18(1B), 2225 - 2231 (1988)] was reacted with (S)-2-phthalim- 
idopentanedioic acid, 5-(phenylmethyl) ester according to the procedure described by Attwood et al.(J. Chem. Soc. 
Perkins Trans 1, 1986, p. 1011 - 1019) affording (S)-2-[2-phthalimido-1 t 5-dioxo-5-(phenylmethoxy)pentyl]-5,6-dihydro- 
1,3(2H,4H)-pyridazinedicarboxylic acid, 3-(1,1-dimethylethyl)-1-(phenylmethyl) ester. 

20 A solution of this material (1 2. 1 1 g. , 1 8.5 mmol.) in dry dimethylformamide (1 90 ml.) was treated with 1 0% palladium 

on carbon catalyst (372 mg.) and hydrogenated at room temperature for 24 hours. The mixture was filtered through a 
Celite pad, the clear dark filtrate obtained was evaporated to dryness and the syrup was obtained redissolved in meth- 
anol (200 ml.). The solution was filtered through another Celite pad to remove remaining traces of the catalyst, and 
the clear filtrate was evaporated to dryness and dried in vacuo . The product obtained was dissolved in dry methylene 

25 chloride (185 ml.), cooled down to 0° C. (ice-salt bath) and treated with thionyl chloride (1.56 ml., 21.36 mmoles, 1.15 
eq.). The reaction mixture was stirred at room temperature for 5.0 hours under argon, treated with a solution of potas- 
sium bicarbonate (3.95 g.) in water (34 ml.) and stirred for 10 minutes. The phases were separated, re-extracting the 
aqueous phase with more methylene chloride (270 ml.) and the combined organic extracts were dried (anhydrous 
sodium sulfate), filtered, evaporated to dryness and dried in vacuo : 

30 The crude product mixture was chromatographed on a silica gel column (Merck), eluting the column with ethyl 

acetate:hexane mixtures (1:3; 1:1) to give 3.053 g. of the title compound as a solid. TLC (ethyl acetate:hexane, 1:1) 
R f =0.40. 

b) (1S^is)-Octahvdro-9-amino-6,10-dioxo-6^ 1 ,1-dimethvlethvl 
35 ester 

A suspension of the product from part (a) (1.0 g., 2.41 mmol.) in absolute ethanol was treated with hydrazine 
hydrate (0.26 ml., 2.2 eq.) and stirred at room temperature for one hour under argon. The mixture was stripped to 
dryness, evaporated once from toluene (25 ml.) and the residue obtained was stirred with 2.0 M acetic acid (10 ml.) 
40 for 24 hours under argon. The solids were filtered off, washed with 2.0 M acetic acid (5.0 ml.) and water (2 x 2.0 ml.), 
and the clear filtrate was adjusted to pH 10.0 with solid sodium bicarbonate (1 .8 g.). The mixture was extracted with 
methylene chloride (2 x 25 ml) and the combined organic extracts were washed with brine (6.0 ml.), dried (anhydrous 
sodium sulfate) and filtered. The clear soluton was evaporated to dryness and dried jn vacuo to give 755 mg. of title 
product as a syrup. TLC (methylene chloride:methanol, 9:1 ) R f = 0.20. 

45 

c) f1S-ria,9a(R*)110ctahydro-9-f^ 

diazepine-1 -carboxvlic acid, 1,1-dimethylethyl ester ^ 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.07 g., 2.64 mmol.) was suspended in ethyl 
50 acetate (B0 ml.), washed with 5% potassium bisulfate (5 x 12 ml.) and brine (14 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . 

The free acid was dissolved in dry methylene chloride (20 ml.), cooled down to 0° C. (ice-salt bath), treated se- 
quentially with a solution of the product from part (b) (755 mg., 2.41 mmol.) in dry methylene chloride (5.0 ml.), triethyl- 
amine (0.33 ml. , 2.37 mmol.) and benzotriazol-1 -yloxytris(dimethylamino)phosphonium hexafluorophosphate (1 .08 g., 
55 2.44 mmol.). The reaction mixture was stirred at 0°C. for 1 .0 hour and at room temperature for 2.0 hours under argon. 
The reaction mixture was stripped to dryness and the syrup obtained was redissolved in ethyl acetate (80 ml.), washed 
with 0.5 N hydrochloric acid (2 x 14 ml.), water (1 4 ml.) and brine (14 ml.), dried (anhydrous magnesium sulfate), filtered 
and evaporated to dryness. The crude product was chromatographed on a silica gel column (Merck), eluting the column 
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with ethyl acetate:hexane mixtures (1:3; 1:1), to give 747 mg. of title product as a clear syrup. TLC (ethyl acetate: 
hexane, 1:1) R f = 0.23. 

d) [lS41a,9afRMllOctahydro-9-^ 
5 diazepine-1-carboxylic acid 

A solution of the product from part (c) (747 mg., 1.48 mmol.) in dry methylene chloride (10 ml.) was treated with 
anisole (0.69 ml., 6.35 mmol.) followed by trifluoroacetic acid (1.04 ml., 13.5 mmol.) and the reaction mixture was 
stirred at room temperature under argon for 5.5 days. The clear solution was stripped to dryness, evaporated from 

io ethyl acetate (2 x 100 ml.) and the crude product was chromatographed on a silica gel column (Merck), eluting the 
column with ethyl acetate:hexane (4:1) followed by ethyl acetate:hexane:acetic acid (85:10:5). The desired fractions 
were combined, stripped to dryness and evaporated from toluene (2 x 100 ml.). The syrup obtained was redissolved 
in ethyl acetate (59 ml.), washed with water (3 x 10 ml.) and brine (5.0 ml.), dried (anhydrous sodium sulfate), filtered, 
evaporated to dryness and dried in vacuo to give 556 mg. of title product as a syrup. TLC (ethyl acetate:acetic acid, 

75 95:5) R f = 0.30. 



20 



25 



30 



e) [1 S-H a > 9a(R*)1l-Octahydro-9-[(2-mercapto-1 oxo-3-phenylpropyl)aminol-6, 1 0-dioxo-6H-pyridazino[1 ,2-al[1 ,2] 
diazepine-1 -carboxylic acid 

A solution of the product from part (d) (556 mg., 1 .24 mmol.) in methanol (7.0 ml.) was cooled down to 0° C. (ice- 
salt bath), purged with argon for 30 minutes then treated with a previously purged (argon, 30 minutes) solution of 1.0 
N sodium hydroxide (2.5 ml., 2.5 mmol.) maintaining the bubbling of argon throughout the addition and length of the 
reaction. The reaction mixture was stirred at 0° C. for 30 minutes, brought to pH 2.0 with 5% potassium bisulfate (11 .0 
ml) at 0° C, warmed up to room temperature and extracted with ethyl acetate (2 x 40 ml.). The combined organic 
extracts were washed with brine (11 .0 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried 
in vacuo . The crude product was dissolved in methylene chloride (5.0 ml.) and treated portionwise with hexane (50 
ml.) while scratching until solids were obtained. The solids were triturated with more hexane (50 ml.) and pentane (2 
x 50 ml.), stirring the solids with the first 50 ml. for 2.0 hours and with the next 50 ml. overnight at room temperature 
under argon. The product was dried in vacuo to give 468.5 mg. of title product as a solid foam; 
[ct] D = -83.5° (c = 0.492, methanol). TLC (ethyl acetate:acetic acid. 95:5) R f = 0.33. 





Anal, calc'd. for C 19 H 


23 N 3°5 S • 


0.34 H 2 0: 








C, 55.45; 


H, 5.80; 


N, 10.21; 


S, 7.79 


35 


Found: 


C, 55.45; 


H, 5.95; 


N, 9.84; 


S, 7.49. 



Example 47 (Compound not claimed) 



f 1 S-f 1 a, 9a(R*)ll-Octahydro-9-[ (2-mercapto-1 -Oxo-3-phenylpropyl)aminoH 0-oxo-6H-pyridazinof 1 -2 -all 1 ,21 
40 diazepine-1 -carboxylic acid 

a) (1 S-cis)-Octahydro-9-phthalimido-1 0-oxo-6H-pyridazinof 1 ,2-alf 1 ,2ldiazepine-1 -carboxvlic acid. 1 . 1 -dimethvlethvl 
ester 

45 A solution of the product from Example 46(a) (1 .0 g., 2.35 mmole) in dry tetrahydrof uran (8.0 ml.) was cooled down 

to about 5° C. (ice-water bath), treated with 1 .0 M diborane/tetrahydrofuran (2.88 ml., 2.88 mmol.) over a period of 30 
minutes, warmed up to room temperature and stirred overnight under argon. The reaction mixture was diluted with 
methylene chloride (14.0 ml.), treated with 2.0 N hydrochloric acid (6.8 ml.) and stirred for 15 minutes. The mixture 
was then brought to pH 10.0 with anhydrous sodium bicarbonate (1 .92 g.) and the phases separated, re-extracting the 

so aqueous phase with more methylene chloride (30 ml.). The combined organic extracts were washed with brine (5.0 
ml.), dried (anhydrous magnesium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was 
chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate:hexane mixtures (1:3; 1:1) to 
give 877 mg. of title product as a syrup. TLC (ethyl acetate:hexane, 1:1) 
R f =0.63. 

55 

b) f1S-cis)-Octahydro-9-amino-10-oxo-6H-pyridazino[1,2-a1 f 1,21diazep in e-1 -carboxylic acid, 1 ,1 -dimethvlethvl ester 

A solution of the product from part (a) (1 .257 g., 3.0 mmol.) in absolute ethanol (1 3.0 ml.) was treated with hydrazine 
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hydrate (0.33 ml., 2.2 eq.) according to the procedure of Example 46 part (b) affording 704 mg. of title product as a 
syrup. TLC (methylene chloride:methanol, 9:1) R, = 0.35. 

c) f1S-f(1a t 9a(R*)l1-Octah^ 
s diazepine-1-carboxylic acid, 1 ,1-dimethylethyl ester 

(S)-2-(Acetylthio)benzenepropanoic acid, dicyclohexylamine salt (1.10 g., 2.71 mmol.) was suspended in ethyl 
acetate (85 ml.), washed with 5% potassium bisulfate (5 x 12.4 ml.) and brine (14.4 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . 

io The free acid was dissolved in dry methylene chloride (21 ml.), cooled down to 0° C. (ice-salt bath), treated se- 

quentially with a solution of the product from part (b) (704 mg., 2.48 mmol.) in dry methylene chloride (5.0 ml.), triethyl- 
amine (0.34 ml., 2.44 mmol.) and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (1.113 
g., 2.55 mmol.). The reaction mixture was stirred at 0° C. for 1.0 hour and at room temperature for 2.5 hours under 
argon. The reaction mixture was stripped to dryness and the syrup obtained was re-dissolved in ethyl acetate (80 ml.), 

15 washed with 0.5 N hydrochloric acid (2 x 14.0 ml.), water (14.0 ml.) and brine (14.0 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl acetate:hexane (1:3) to give 1.085 g. of title product as a syrup. TLC 
(ethyl acetate:hexane, 1 : 1 ) R f = 0.53. 

20 d) f1S4f1a,9a(Rnil-Octahvdro^ 
diazepine-1-carboxylic acid 

A solution of the product from part (c) (1.085 g. t 2.216 mmol.) in dry methylene chloride (15 ml.) was treated with 
anisole (1 .03 ml., 9.5 mmol.) followed by trifluoroacetic acid (1 .56 ml., 20.2 mmol.) and the reaction mixture was stirred 

25 at room temperature under argon for 4.0 days. The clear solution was stripped to dryness, evaporated from ethyl 
acetate (2 x 150 ml) and the crude product suspended in a mixture of ethyl acetate (10 ml.) and hexane (50 ml.). The 
solids were filtered off, washed well with hexane (50 ml.) then evaporated from toluene (2 x 100 ml) and dried in vacuo 
to give 865 mg. of [1S-[1a,9a(R*)]]-octahydro-9-[[2-(acetylthio)-1-oxo-3-phenylpropyl]amino]-10-oxo-6H-pyridazino 
[1,2-a][1,2]diazepine-1-carboxylic acid as a solid. 

30 The above material was suspended in methanol (15 ml.), cooled down to 0° C. (ice-salt bath), purged with argon 

for 30 minutes then treated dropwise with a previously purged solution of 1.0 N sodium hydroxide (6.03 ml., 3 eq.), 
maintaining the bubbling of argon throughout the addition and length of the reaction. The reaction mixture was stirred 
at 0° C. for 30 minutes (the solids went into solution within the first 5 minutes) brought to pH 2.0 with 5% potassium 
bisulfate (26.6 ml.), warmed up to room temperature and extracted with ethyl acetate (2 x 65 ml.). The combined organic 

35 extracts were washed with brine (18 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried 
in vacuo. The product was dissolved in methylene chloride (7.0 ml.) and treated portionwise with hexane (70 ml.) while 
scratching until a solid was obtained. The solids were triturated with more hexane (100 ml.) and pentane (2 x 100 ml.), 
stirring the solids with the first 100 ml. for 2.0 hours and the next 100 ml. overnight at room temperature under argon. 
The product was dried in vacuo to give 790.6 mg. of title product as a solid foam; [cc] D = -44.4° (c = 0.63, methanol). 

40 TLC (ethyl acetate: acetic acid, 95:5) R f = 0.67. 





Anal, calc'd. for C 19 H 25 N 3 0 4 S ■ 0.20 C 5 H 12 • 0.80 H 2 0: 






C, 57.11; 


H, 6.95; 


N, 9.99; 


S, 7.62 


45 


Found: 


C, 57.11; 


H, 6.72; 


N, 9.83; 


S, 7.44. 



Example 48 



fS-(R*,R*)]-Hexahydro-6-f(2-mercapto-1 -oxo-3-phenylpropvl)amino-2-methvl-3,7-dioxo-1 H-1 ,2-diazepine-1 -acetic 
so acid 

a) f2-f(1 < 1-Dimethvlethoxv)carbonvllhydrazino1acetic acid, ethyl ester 

Triethylamine (13.94 ml., 0.1 mol.) was added to a solution of hydrazine carboxylic acid, 1 , 1 -dimethylethyl ester 
55 (13.216 g., 0.1 mole) in benzene (100 mi.), followed by the addition of ethyl bromoacetate (11.09 ml., 0.1 mol.). The 
reaction mixture was refluxed (oil bath, 95 - 100° C.) for 14 hours, after which triethylamine (1.4 ml., 0.01 mol.) was 
added followed by ethyl bromoacetate (1.1 ml., 0.01 mole). After refluxing for an additional 8 hours, triethylamine (2 
ml. , 0.01 5 mol.) and ethyl bromoacetate (1 .4 ml. , 0.01 3 mole) were added. The mixture was allowed to reflux for another 
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1 4 hours (total 36 hours). After cooling to room temperature, the reaction mixture was filtered and the solid triethylamine, 
hydrochloride salt Was washed with ethyl acetate/hexane (1:1). The combined filtrate was diluted with ethyl acetate, 
washed with saturated sodium bicarbonate, water, brine, dried (sodium sulfate) and filtered. The filtrate was concen- 
trated jn vacuo to afford 19.38 g. of crude product as a yellow syrup which was used for the next reaction without 
s purification. 

b) [2-f(1,1-Dimethvlethoxv)carbonvl1-1>f(phenvlmethoxv)carbonyl|hvdrazino1 acetic acid, ethyl ester 

Triethylamine (1 2.4 ml., 89 mmol.) was added to a solution of the crude product from part (a) (1 9.38 g.) in benzene 
io (120 ml.) followed by the dropwise addition of [(phenylmethoxy)carbonyl]chloride (13.4 ml., 89 mmol.) in benzene (30 
ml.) over 30 minutes. The resulting suspension was stirred at room temperature under argon for 20 hours, then parti- 
tioned between ethyl acetate (500 ml.) and 1 M potassium bisulfate solution. The organic phase was separated, washed 
with saturated sodium bicarbonate, water, brine, dried (sodium sulfate) and filtered. The filtrate was concentrated ]n 
vacuo and the residue was crystallized from ethyl acetate/hexane to afford, after drying in vacuo over phosphorus 
15 pentoxide, 15.736 g. of the title product as a white crystalline compound, m. p. 117-119° C. 

c) f2-f[(1,1-Dimethvlethoxv)carbonvl]-1-f(phenylmethoxv)carbonvll-2-methvl1hydrazinolacetic acid, ethyl ester 

Potassium carbonate (powdered and dried, 11.8 g., 85.15 mmol.) was added to a solution of the product from part 
20 (b) (6.0 g. t 17.03 mmol.) in anhydrous dimethylformamide (30 ml.) followed by the addition of methyl iodide (5.3 ml, 
85.15 mmol.). After stirring at 40°C. for 17 hours, additional methyl iodide (64 mmol.) was added and the reaction 
mixture stirred at 40°C. for an additional 28 hours. The suspension was filtered and to the filtrate was added 6.0 g. of 
fresh potassium carbonate (powdered and dried), followed by 5.0 ml. of methyl iodide. The suspension was stirred at 
40° C. for 21 hours, then 1 .2 ml. of methyl iodide was added and the reaction mixture stirred for additional 17 hours 
25 until starting material disappeared on TLC. The reaction mixture was filtered and the collected solid was washed with 
ethyl acetate. The filtrate was concentrated in vacuo to remove most of dimethylformamide, then diluted with 500 ml. 
of ethyl acetate, washed with water, 1M potasium bisulfate, water, brine and dried (magnesium sulfate). The filtrate 
was concentrated and the residue dried jn vacuo to give 6.285 g. of crude product as a colorless oil. 

30 6) f2-ff(1 > 1-Dimethvlethoxv)carbonyl1-2-methyl1-hvdrazino|acetic acid, ethyl ester 

A suspension of the product from part (c) (6.285 g., 17.03 mmol.) and palladium hydroxide (800 mg.) in ethanol 
(75 ml.) was vigorously stirred under hydrogen (balloon) for 4 hours. The suspension was filtered using a Millipore filter 
unit. The filtrate was concentrated and the residue dried in vacuo to afford 4.3 g. of title product as a light yellow oil. 

35 

e) (S)-2-Phthalimido-1,5-pentanedioic acid, 5-(phenylmethyl)ester 

N-(Carbethoxy)phthalimide (9.7 g., 44.24 mmol., 1 .05 eq.) was added to a suspension of L-glutamic acid, 5-(phe- 
nylmethyl)ester (10.0 g., 42.14 mmol.) and sodium bicarbonate (4.47 g. t 42.14 mmole) in water (80 ml.) and dioxane 

40 (40 ml.). After stirring two hours, additional N-(carbethoxy)phthalimide (4.4 g., 0.1 eq.) was added. The mixture was 
stirred for additional 2 hours. The reaction mixture was adjusted to pH 1 -2 with solid potassium bisulfate, and extracted 
with ethyl acetate (3 X 150 ml ). The combined ethyl acetate extracts were washed with 1 M potassium bisulfate, brine, 
dried (sodium sulfate) and filtered. The filtrate was concentrated in vacuo . The oily residue was taken into ethyl acetate 
and treated with dicyclohexylamine (8.40 ml., 42.14 mmol ). Crystallization of the crude salt from ethyl acetate/hexane 

45 gave, after drying in vacuo , 13 g. of the title product as the dicyclohexylamine salt. The mother liquor was washed with 
1 M potassium bisulfate (2 x), water, brine, and dried (sodium sulfate). The filtrate was concentrated in vacuo . The oily 
residue was chromatographed using 0.5% acetic acid in heptane/ethyl acetate (3:7) as a mobile phase. The desired 
fractions were collected and concentrated. The oily residue was dried in vacuo to give 9.644 g. of the title product. 

50 f) (S)-4-Phthalimido-5-oxo-5-f2-[(1,1-dimethvlethoxv)carbonyll-1-(2-ethoxv-2-oxoethvl)-2-methvlhydrazino1pentanoic 
acid, phenylmethyl ester 

Phosphorus pentachloride (5.10 g., 24.5 mmol.) was added to a cold (0° C.) solution of the product from part (e) 
(about 17.10 mmol.) in ether (80 ml.). After stirring at 0° C. for 30 minutes and at room temperature for 30 minutes, 
55 the reaction mixture was concentrated in vacuo . The residue was stripped with toluene (3x) and dried jn vacuo for 2 
hours to give an oily compound that was used immediately in the following reaction. 

Sodium bicarbonate solution (4 g. in 46 ml. of water) was added to a cold (0° C.) solution of the product from part 
(d) in toluene (40 ml.). With thorough stirring, the compound prepared above in toluene (30 ml.) was added dropwise 
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via cannula. After addition, the reaction mixture was stirred at room temperature under argon tor 1 9 hours. The reaction 
mixture was diluted with ethyl acetate (300 ml.), washed with water, 5% potassium bisulfate, water, brine and dried 
(sodium sulfate). The filtrate was concentrated and the residue dried in vacuo to give the title compound as an oil. 

s q) (S)-4-PhthalimidO"5-oxo-5-f1>(2-ethoxv-2-oxoethyl)-2-methvlhvdrazino1pentanoic acid, phenylmethyl ester 

Anisole (7.4 ml.) followed by trifluoroacetic acid (1 3.10 ml., 170 mmol.) were added dropwise to a cooled (-10° C.) 
solution of the crude product from part (f) in methylene chloride (55 ml.). After the addition was completed, the reaction 
mixture was stirred at -10° C. for one hour. The reaction mixture was then allowed to warm to room temperature and 
10 stirring continued for 14 hours. After removal of the volatiles in vacuo , the residue was taken into 200 ml. of ethyl 
acetate, washed with saturated sodium bicarbonate with caution, then water, brine, and dried (sodium sulfate). The 
filtrate was concentrated in vacuo and the residue chromatographed using 20-40% ethyl acetate/hexane as a mobile 
phase. The desired fractions were collected and concentrated and the residue dried in vacuo to yield 7.254 g. of title 
product as a pale yellow oil. 

15 

h) (S)-4-Phthalimido-5-oxo-5-f 1 -(2-ethoxv-3-oxoethvl)-2-methvlhvdrazino]pentanoic acid 

Palladium hydroxide (1 .0 g.) was added to a solution of the product from part (g) (6.436 g., 13.38 mmol.) in warm 
ethanol (100 ml.). The suspension was vigorously stirred under hydrogen (balloon) for 4 hours. The suspension was 
20 filtered and the catalyst washed with ethanol. The combined filtrate was concentrated. The residue was stripped with 
toluene (2 x) and dried in vacuo overnight to yield 5.86 g. of product as a colorless oil which was used for the next 
reaction without purification. 

i) (S)-Hexahydro-2-methyl-3,7-dioxQ-6-phthalimido-1H'1,2-diazepine-1 -acetic acid, ethyl ester 

25 

Thionyl chloride (1.1 ml.) was added dropwise to a cooled (0° C.) solution of the product from part (h) (5.86 g., 
13.38 mmol.) in methylene chloride (120 ml.). The reaction mixture was stirred at 0° C. for 15 minutes and then at 
room temperature for 3 hours. Additional thionyl chloride (0.3 ml., for a total of 1.4 ml.) was added and the reaction 
mixture was stirred for another 3 hours, then quenched with potassium bicarbonate solution (2.7 g. of potassium b\- L 
30 carbonate in 27 ml. of water). The separated organic phase was washed with saturated sodium bicarbonate. The 
aqueous phase was extracted with methylene chloride (2x). The combined methylene chloride phase was washed with 
water, brine and dried (magnesium sulfate). The filtrate was concentrated and the residue dried in vacuo to give 4.70 
g. of desired product. 

35 j) (S)-Hexahydro-2-methyl-3,7-dioxo-6-amino-1H-1,2-diazepine-1 -acetic acid, ethyl ester 

Hydrazine monohydrate (255 ul, 5.25 mmol.) was added to a suspension of the product from part (i) (1.867 g., 
5.0 mmol.) in ethanol (30 ml.) and methylene chloride (10 ml.). After stirring for 2 hours, the volatiles were removed jn 
vacuo and the residue stripped with toluene (2x), then dried in vacuo . The residue was taken into 2 M aqueous acetic 
40 acid (20 ml.) and the resulting solution was stirred at room temperature for 14 hours. The suspension was filtered. The 
collected filtrate was basified with solid sodium bicarbonate to pH 10 and extracted with methylene chloride (3x). The 
combined methylene chloride phase was washed with 50% brine, brine, dried (sodium sulfate), filtered and evaporated. 
The residue was chromatographed using 2.5% methanol/methylene chloride as a mobile phase to afford 568 mg. of 
title product as a pale yellow oil. 

45 

k) [S-(R*,R*)-Hexahvdro-6-f[2-(acetylthio)-1 -oxo-3-phenylpropyl1amino1-2-methyl-3 t 7-dioxo-1 H-1 ,2-diazepine- 
1 -acetic acid, ethyl ester 

Triethylamine (302 uJ, 2.171 mmol.) was added to a cooled (0° C.) solution of (S)-2-(acetylthio)benzenepropanoic 
so acid (obtained from the dicyclohexylamine salt as described previously, 486 mg., 2.17 mmol) followed by the product 
from part (j) (480 mg., 1.973 mmol.) in methylene chloride (3 ml.), and benzotriazoM -yloxytris (dimethylamino)phos- 
phonium hexafluorophosphate (960 mg., 2.171 mmol.) The mixture was stirred at 0° C. for 1 hour, then at room tem- 
perature for 2 hours. The volatiles were removed in vacuo . The residue was taken into ethyl acetate (100 ml ), washed 
with 5% potassium bisulfate, 50% saturated sodium bicarbonate, brine, dried (magnesium sulfate), filtered and evap- 
55 orated to dryness. The crude product was flash chromatographed using 50-70% ethyl acetate/hexane as a mobile 
phase to give 824 mg. of title product as a white foaming compound. 
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\) [S-(^Rni-Hexahvdro^-f(2-mercapto-^ 
acid 

A solution of the product from part (k) (800 mg.,1.78 mmol) in methanol (9 ml.) cooled at 0° C. was purged with 
5 argon for 30 minutes, then treated dropwise with a previously purged 1 M sodium hydroxide solution (7.12 m., 4.0 
equiv.). The reaction was stirred at 0°C., while maintaining the bubbling of argon, for 1 .5 hour, then acidified with 1 M 
potassium bisuffate to pH 1-2 and extracted with ethyl acetate (3x). The combined ethyl acetate extract was washed 
with brine (2x), dried (magnesium sulfate), filtered and evaporated to dryness. The residue was flash chromatographed 
using 2% acetic acid/ethyl acetate as a mobile phase to give 668 mg. of desired product as a white foaming compound. 
io Chloroform was used in the pooling of product-containing column fractions. [a] D = -54.B 9 (c = 0.8, methanol). TLC (3% 
acetic acid/ethyl acetate) R f =0.12. 



75 



Anal, calc'd. for C 17 H 


21 N 3 O 5 S.0.57 CHCI 3 : 


Found: 


C, 47.16; 
C ( 47.48; 


H, 4.86; 
H, 4.56; 


N, 9.39; 
N, 9.01; 


S, 7.16 
S, 7.17. 



Example 49 

20 fS-(R*,R*)]-Hexahydro-6-r(2-mercapto-1 -oxo-3-phenvlpropvl)amino1-2-methyl-7-oxo-1 H-1 ,2-diazepine-1 -acetic acid 

a) (S) Hexahvdro-2-methyl-7-oxo-6-phthalimido-1H-1,2-diazepine-1 -acetic acid, ethyl ester 

A solution of the product from Example 48 (i) (375 mg., 1 .0 mmole) in dry tetrahydrofuran (2.4 ml.) was cooled to 
25 0° C. and treated dropwise with a 1M solution of diborane in tetrahydrofuran. After the addition was completed, the 
reaction solution was stirred at 0° C. for 30 minutes (at that time it became a gel). The cooling bath was removed, and 
the semi-solid mixture was stirred at room temperature for an additional one hour before it was diluted with 2 ml. of 
methylene chloride and 2 ml. of 2M aqueous hydrochloric acid. After stirring for 15 minutes, the mixture was diluted 
with 20 ml. of methylene chloride, and washed with saturated sodium bicarbonate with caution. The separated aqueous 
30 phase was extracted with methylene chloride (3x). The combined methylene chloride extract was washed with 50% 
brine, brine, and dried (sodium sulfate). The filtrate was evaporated in vacuo to dryness to afford 344 mg. of crude 
product as an oil, which was used for the next reaction without purification. 

b) (S)-Hexahvdro-2-methvl-7-oxo-6-amino-t H-1 ,2-diazepine-1 -acetic acid, ethyl ester 

35 

A solution of the product from part (a) (344 mg., 0.958 mmol.) in ethanol (3 ml.) was treated with hydrazine mono- 
hydrate (54.8 ui, 1.13 mmol.) according to the procedure of Example 48 part (j) affording 169 mg. of title product as 
a pale yellow oil. 

40 c) fS-(R*,R*)1-Hexahvdro-6-ff2-facetylthio)-1 oxo-3-phenvlpropvnamino1-2-methyl-7-oxo-1 H-1 ,2-diazepine-1 -acetic 
acid, ethyl ester 

A cold (0° C.) solution of (S)-2-(acetylthio)benzenepropanoic acid (obtained from the dicyclohexylamine salt as 
previously described, 1 98 mg., 0.885 mmol.) in methylene chloride (1 ml.) was treated with triethylamine (123u.l., 0.88 

45 mmol.), the product from part (b) (169 mg., 0.738 mmol.) in methylene chloride (2 ml.) and benzotriazol-1 -yloxytris 
(dimethylamino)phosphonium hexafluorophosphate (392 mg., 0.885 mmol.) The mixture was stirred at 0° C. for 1 hour, 
then at room temperature for 2 hours. The volatiles were removed in vacuo . The residue was taken into ethyl acetate 
(50 ml.), washed with 5% potassium bisuffate, saturated sodium bicarbonate, 50% brine, brine, and dried (magnesium 
sulfate). The filtrate was evaporated to dryness and the residue flash chromatographed using 40 - 50% ethyl acetate/ 

so hexane as a mobile phase to give 260.5 mg. of title product as a colorless oil. 

d) fS-(R*,R*)1-Hexahydro-6-[(2-mercapto-1 -oxo-3-phenvlpropvl)amino1-2-methyl-7-oxo-1 H-1 ,2-diazepine-1 -acetic 
acid 

55 A solution of the product from part (c) (235 mg., 0.54 mmol.) in methanol (3 ml.) cooled at 0° C. was purged with 

argon for 30 minutes, then treated dropwise with a previously purged 1 M sodium hydroxide solution (2.20 ml., 4.0 
equiv.). The reaction was stirred at 0° C, while maintaining the bubbling of argon for 2 hours, then acidified with 1M 
potassium bisulfate to pH 1 -2 and extracted with ethyl acetate (3x). The combined ethyl acetate extracts were washed 
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with brine (2x), dried (sodium sulfate), filtered and evaporated to dryness. The residue was flash chromatographed 
using 2% acetic acid/ethyl acetate as a mobile phase to give 1 82. 2 mg. of desired product as a white foaming compound; 
[<x] D = -9.6° (c = 0.3, methanol). TLC (3% acetic acid in ethyl acetate) R f = 0.26. 



5 


Anal, calc'd. for C 17 H 


23 N 3 0 4 S • 


0.2 H 2 0: 








C, 55.32; 


H, 6.39; 


N, 11.39; 


S, 8.69 




Found: 


C, 5573; 


H, 6.44; 


N, 10.98; 


S, 8.56. 



io Example 50 

fS-(R*,R*)1-2 l 3,4,5-Tetrahvdro-3-|(2-mercapto-1-oxohexvl-3-phenvlpropyl)amino1-2-oxo-1H-benzazepine-1 -acetic 
acid 

15 a) (S)-2-Bromohexanoic acid 

Potassium bromide (15.9 g., 133 mmol.) was added to a stirred solution of D-norleucine (5.0 g., 38 mmol.) in 2.5 
N sulfuric acid (77 ml.) at room temperature. The reaction mixture was cooled to -10° C. and solid sodium nitrite (3.94 
g., 57 mmol.) was added portionwise, maintaining the temperature between -10° and -5° C. After addition was complete, 
20 the foamy reaction was stirred for 1 hour and then warmed to room temperature and stirred for another hour. The 
reaction mixture was then extracted twice with ether, the ether extracts were washed once with water, dried (magnesium 
sulfate), filtered and evaporated to give 3.3 g. of crude title product. 



25 



30 



b) (S)-2-(Acetylthio)hexanoic acid, dicyclohexylamine salt 

To a stirred slurry of potassium thioacetate (2.11 g. f 18.5 mmol.) in 50 ml. of dry acetonitrile at room temperature 
under argon was added a solution of the product from part (a) (3.27 g., 16.8 mmol.) in 26 ml. of acetonitrile. The reaction 
was stirred 5 hours. The resulting slurry was filtered and evaporated. The residue was redissolved in ethyl ether, washed 
once with 5% potassium hydrogen sulfate solution and once with brine, dried (magnesium sulfate) and evaporated. 
The residue was dissolved in ether (64 ml.) and treated with dicyclohexylamine (3.4 ml., 16.8 mmol ). The ethereal 
solution was concentrated in vacuo , and triturated from hexanes to give a white solid which was recrystallized from 
ethyl ether/hexanes to give the title product. The mother liquor was concentrated and recrystallized twice to provide a 
total yield of 2.2 g. of title product; m.p. 145 - 147° C; [a] D = -33.8° (c = 1.08, chloroform). 

35 c) [S-(R*,R*)|-2 t 3,4 t 5-Tetrahvdro-3'f(2-mercapto-1-oxohexyl)amino1-2>oxo-1H>benzazepine-1 -acetic acid, ethyl ester 

A stirred suspension of the product from part (b) (295 mg., 0.795 mmol.) in 5 ml. of ethyl acetate was washed twice 
with 5 ml. portions of 5% potassium hydrogen sulfate solution. The organic extract was dried (sodium sulfate), filtered, 
concentrated and dried in vacuo for 20 minutes. The resulting oil was dissolved in 3 ml. of methylene chloride and 
stirred under argon at 0° C. To this solution was added a solution of (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-1H-ben- 
zazepine-1 -acetic acid, ethyl ester [prepared as described by Watthey etal., J. Med. Chem.,28, p. 1511 -1516(1985)] 
(149 mg., 0.57 mmol.) in methylene chloride (3 ml.) then triethylamine (83 ul, 0.60 mmol.) and finally benzotriazol- 
1-yloxytris (dimethylamino)phosphonium hexafluorophosphate (264 mg., 0.60 mmol.). After 1 hour, the reaction was 
warmed to room temperature and stirred 90 minutes. The resulting solution was evaporated at less than 30° C. and 
the residue redissolved in ethyl acetate. The solution was washed once with 1 M hydrochloric acid, once with water, 
once with a saturated solution of sodium bicarbonate and once with brine. The organic layer was dried (magnesium 
sulfate), filtered and evaporated. Purification by flash chromatography (eluting with 1 :3 ethyl acetate/hexanes) provided 
193 mg. of the title product; [oc] D = -284.3° (c = 0.21, chloroform). 

so d) f S-(R*,R*)l-2 > 3,4,5-Tetrahydro-3-f(2-mercapto-1 -oxohexyl-3-phenylpropyl)aminol-2-oxo-1 H-benzazepine-1 -acetic 
acid 



40 



45 



A solution of the product from part (c) (183 mg., 0.42 mmol.) in 3.8 ml. of methanol was purged with nitrogen for 
5 minutes and cooled to 0° C. To this solution was added dropwise 3.8 ml. of nitrogen-purged 1 M sodium hydroxide. 
55 Nitrogen was slowly bubbled through the solution during the reaction. After one hour, the reaction was warmed to room 
temperature and stirred one hour. The reaction was acidified with a 5% potassium bisulfate solution and extracted with 
ethyl acetate, the extracts were washed with water and a saturated solution of sodium chloride, dried (magnesium 
sulfate) and evaporated. Reevaporation from hexanes yielded a white solid. The solid was gently heated in ethyl ether 
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and crystallized with hexanes to give 117 mg. of title product as a white solid; m. p. 151-153° C; 

[a] D = -214.1° (c = 0.46, chloroform). 

TLC (ethyl acetate/hexane/acetic acid, 4:4:0.1) R f =0.23. 



5 


Anal, calc'd.for C 18 H 24 N 2 0 4 S: 






C, 59.32; 


H, 6.64; 


N, 7.69; 


S, 8.80 




Found: 


C, 59.10; 


H, 6.62; 


N, 7.72; 


S, 8.63. 



w Example 51 



[3S-[3a(R*),7311-HexahvdrO'7-(2-hvdroxyethvt)-3-[(2-mercapto-1"OXO'3-phenvlpropyl)amino1-2-oxo-1H-azepine- 
1 -acetic acid 

is a) (3S-trans)-Hexahvdro-3-[|(1 , 1 -dimethylethoxv)carbonyllamino1-2-oxo-7-(2-propenyl)-1 H-azepine-1 -acetic acid, 
methyl ester 

Hydrazine monohydrate (133 ui, 2.70 mmol.) was added dropwise to a solution of (3S-trans)hexahydro- 
3-phthalimido-2-oxo-7-(2-propenyl)-t H-acetic acid, methyl ester [prepared as set forth in Example 36 part (e), 609 mg., 

20 2.45 mmol.]. The reaction was stirred at room temperature for 64 hours, then filtered to remove the solid byproducts. 
The filtrate was concentrated in vacuo , dissolved in methylene chloride, refiltered and reconcentrated to give a crude 
oil. The crude oil was dried under vacuum to give 656 mg. of crude (3S-trans)-hexahydro-3-amino-2-oxo-7-(2-prope- 
nyl)-l H-azepine-t -acetic acid, methyl ester as a yellow oil. 

To a solution of this crude amine (589 mg., 2.45 mmol.) in methylene chloride (10 ml.), purged with argon, was 

25 added 510 uJ. (3.68 mmol.) of triethylamine. The reaction mixture was stirred 10 minutes, then 642 mg. (2.94 mmol.) 
of di-t-butyl dicarbonate was added. The reaction was stirred at room temperature for 1 6 hours, followed by the addition 
of a second portion of 170 uJ (1.23 mmol.) of triethylamine and 160 mg. (0.74 mmol.) of di-t-butyl dicarbonate. The 
reaction was sitrred an additional 16 hours at room temperature, then diluted with 20 ml. of methylene chloride. The 
organic layer was washed with 2-10 ml. portions of water, dried (magnesium sulfate) and concentrated in vacuo to give 

30 a crude oil. The oil was flash chromatographed (Merck silica, 25 x 120 mm., 1 :6 ethyl acetate/hexane, then 1:4 ethyl 
acetate/hexane) to give 651 mg. of title product as a clear oil. 

b) (3S-trans)-Hexahydro-3-[[(1 , 1 -dimethylethoxy)carbonyllamino]-2-oxo-7-(hydroxvethyl)-1 H-azepine-1 -acetic acid, 
methyl ester 

35 

To a solution of the product from part (a) (554 mg., 1 .63 mmol.) in 3 ml. water/3 ml. dioxane was added 731 mg. 
(3.42 mmol.) of sodium periodate, followed after 1 0 minutes by the dropwise addition of 400 uJ. (0.98 mmol.) of osmium 
tetroxide. The reaction was stirred at room temperature for 1 6 hours, filtered and rinsed with ethyl acetate. The resulting 
filtrate was concentrated jn vacuo without heat and flash chromatographed (Merck silica, 25 x 120 mm., 1:4 ethyl 

40 acetate/hexane-no pressure) to give 309 mg. of (3S-trans)-hexahydro-3-[[(1 ,1 -dimethylethoxy)carbonyl]amino]-2-oxo- 
7-acetaldehyde-1 H-azepine-1 -acetic acid, methyl ester as a clear oil. 

To a solution of this aldehyde (309 mg., 0.90 mmol.) in methanol (5 ml.), cooled to 0° C, was added portionwise 
68 mg. (1.80 mmol.) of sodium borohydride. The reaction was stirred at 0° C. for 1.5 hours, then quenched by the 
dropwise addition of 0.5 ml. water and warmed to room temperature. The mixture was partitioned between 25 ml. ethyl 

45 acetate/25 ml. 1 M hydrochloric acid; the aqueous layer was extracted with 2-20 ml. portions of ethyl acetate. The 
combined ethyl acetate layers were washed with 10 ml. of saturated sodium bicarbonate and 10 ml. brine, dried (mag- 
nesium sulfate) and concentrated in vacuo to give a crude oil. The oil was flash chromatographed (Merck silica, 25 x 
90 mm., 2:1 ethyl acetate/hexane, then ethyl acetate) to give 292 mg. of title product as a clear oil. 

so c) f3S-f3a(R*),7Pll-Hexahvdro-3-ff2-(acetvrthio)-1-oxo-3-phenvlpropyllaminol-7-(2-hvdroxvethvl)-2-oxo-1H-azepine- 
1 -acetic acid, methyl ester 

To a solution of the product from part (b) (292 mg., 0.85 mmol.) in dioxane (1 ml.), cooled to 0° C. p was added 
portionwise 2.5 ml. (9.34 mmol., 4 M) of hydrochloric acid/dioxane. The reaction was warmed to room temperature 
55 and stirred for 16 hours, then concentrated in vacuo and azeotroped with toluene to give 248 mg. of (3S-trans)-hex- 
ahydro-3-amino-2-oxo-7-(2-hydroxyethyl)-1 H-azepine-1 -acetic acid, methyl ester, hydrochloride salt as a crude oil. 

To a solution of this amine, hydrochloride salt (189 mg., 0.67 mmol.) and (S)-2-(acetylthio)benzenepropanoic acid 
(prepared from the dicyclohexylamine salt as described previously, 157 mg., (0.74 mmol.) in methylene chloride (10 
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ml.), cooled to 0° C, was added triethylamine (230 ui, 1.68 mmol.). The mixture was stirred for 20 minutes, then 
benzotriazol-l-yloxytris(dimethylamino) phosphonium hexafluorophosphate (327 mg., 0.74 mmol.) was added. The 
reaction was stirred at 0° C. for one hour, then at room temperature for 3 hours. The reaction mixture was partitioned 
between 20 ml. ethyl acetate/20 ml. 5% potassium bisulfate solution. The water layer was separated and extracted 
s with 2-20 ml. portions of ethyl acetate; the combined ethyl acetate layers were washed with 20 ml. of 5% potassium 
bisulfate solution, 20 ml. of saturated sodium bicarbonate, 2-20 ml. portions of brine, dried (magnesium sulfate) and 
concentrated in vacuo to give a crude oil. The oil was flash chromatographed (Merck silica, 25 x 80 mm., 1:4 ethyl 
acetate/hexane) to give 84 mg. of title product as a white foam. 

10 d) [3S-(3a(R*)7Bl1-Hexahvdro-7-f2-hvdroxvethvn-3-f(2-mercapto-1-oxO'3-phenvlpropyl)aminol-2-oxo-1H-azepine- 
1 -acetic acid 

A solution of the product from part (c) (84 mg., 0.19 mmol.) in methanol (2 ml.) was purged with argon for 30 
minutes and cooled to 0° C. To this solution was added dropwise 2 ml. of 1 M sodium hydroxide, also purged with argon 

15 for 30 minutes and cooled to 0° C. The reaction was stirred at 0° C. for 1 hour, with continuous argon purging, then 
acidified to pH 2 with 5% potassium bisulfate solution. The mixture was extracted with 3-20 ml. portions of ethyl acetate; 
the combined ethyl acetate layers were dried (magnesium sulfate) and concentrated in vacuo to give a crude foam. 
The foam was flash chromatographed (Merck silica, 15 x 60 mm., 0.5:5:95 acetic acid/methanol/methylene chloride) 
to give a white foam, which was azeotroped with toluene and dried in vacuo to give 48 mg. of title product as a white 

20 foam; [a] D = -42.9° (c = 1.0, CDCI 3 ). TLC (acetic acid:methanol:methylene chloride, 1:10:90) R f = 0.25. 





Anal. Calc'd. for C 19 H 2 6N 2 S0 6 • 


0.5 H 2 0: 








C, 56.55; 


H, 6.75; 


N, 6.94; 


S, 7.94 


25 


Found: 


C, 56.55; 


H, 6.64; 


N, 6.77; 


S, 7.51. 



Example 52 



f1S-f1a,9a(R*)1l-Octahvdro-9-fr2-m^ [1,21 
30 diazepine-1-carboxylic acid 

a) (S)-g-(Acety)thio)-2-thiophenepropanoic acid 

Potassium chloride (3.0 g., 40.1 mmol.) was added to a solution of p-(2-thienyl)-D-alanine (1.37 g., 8.03 mmol.) 

35 in 2.5 N hydrochloric acid (25 ml.) at room temperature under argon. After stirring for 10 minutes, the resulting mixture 
was cooled to 0° C.and treated with sodium nitrite (720 mg., 10.44 mmol.). After 2.5 hours, the reation mixture was 
warmed to room temperature and was stirred 1 hour. The mixture was partitioned between water and ethyl acetate 
and the organic layer was dried (sodium sulfate), filtered, and concentrated. The residue was flash chromatographed 
(Merck silica gel) eluting with 1% acetic acid in 3:1 hexane/ethyl acetate to give 760 mg. of (R)-a-chloro-2-thiophene- 

40 carboxylic acid as a yellow oil. 

Cesium thioacetate (2.95 g., 14.19 mmol.) was added to a solution containing the above chloride (750 mg M 4.73 
mmol.) in dimethylformamide (15 ml.) at room temperature under argon. After stirring for 2 hours, the reaction mixture 
was partitioned between 10% potassium bisulfate and ethyl acetate. The organic layer was washed with brine, dried 
(sodium sulfate), filtered, and concentrated and the residue was flash chromatographed (Merck silica gel) eluting with 

45 1% acetic acid in 4:1 hexane/ethyl acetate to give 500 mg. of the title product as an oil. TLC (2% acetic acid in 3:1 
ethyl acetate/hexane) R f 0.73. 

b) f1S-na,9a(R*)1l-Cfctahvdro-9^ 
diazepine-1 -carboxylic acid 

50 

The product from part (a) (246 mg., 1 .07 mmol.) and (1 S-cis)-octahydro-9-amino-10-oxo-6H-pyridazino[1 ,2-a][1 ,2] 
diazepine-1 -carboxylic acid, 1 ,1 -dimethyethyl ester from Example 47(b) (370 mg., 1 .17 mmol.) were dissolved in meth- 
ylene chloride (10 ml.) at room temperature under argon. The resulting mixture was cooled to 0° C. and triethylamine 
(0.15 ml., 1.07 mmol.) was added. The resulting mixture was stirred for 5 minutes then benzotriazol-1-yloxytris(dimeth- 
55 ylamino) phosphonium hexafluorophosphate (517 mg. ( 1.17 mmol. was added. After being stirred at 0° C. for 1 hour, 
the reaction mixture was warmed to room temperature and was stirred for 16 hours. The volatiles were evaporated 
and the residue was dissolved in ethyl acetate and washed successively with 1 N hydrochloric acid, water, 50% satu- 
rated sodium bicarbonate, and brine. The organic layer was dried (sodium sulfate), filtered, and concentrated and the 
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residue was flash chromatographed (Merck silica gel ) eiuting with 3:2 hexane/ethyl acetate. The product was resub- 
jected to flash chromatography eiuting with 3:1 hexane/ethyl acetate to give 395 mg. of [1S-[1a,9<x(R*)]]-octahydro-9- 
[[2-(acetylthio)-1-oxo-3-(2-thienyl)propy^ acid, 
1,1-dimethylethyl ester as a white foam. TLC (ethyl acetate: hexane, 1:1) Rf = 0.43. 

5 Anisole (0.38 ml., 3.52 mmol.) was added to a solution of the above product (390 mg., 0.82 mmole) in methylene 

chloride (6 ml.) at room temperature under argon. The resulting mixture was treated with trifluoroacetic acid (0.58 ml., 
7.5 mmol.) and was stirred for 36 hours. The volatiles were removed and the residue was chased with toluene and 
evacuated to give 380 mg. of a yellow oil. The oil was purified by column chromatography (Merck silica gel) eiuting 
with 1% acetic acid in 1:1 ethyl acetate/hexane followed by 1% acetic acid in 2:1 ethyl acetate /hexane to give 360 

10 mg. of the title product. TLC (1% acetic acid in 1 :1 ethyl acetate/hexane) Rf = 0.28. 

c) f1S-f1a,9a(R*)1lOctahvdro^ -a|[1,2| 
diazepine-1 -carboxylic acid 

75 A solution of the product from part (b) (328 mg., 0.75 mmol.) in methanol (5 ml., deoxygenated via argon bubbling) 

was cooled to 0° C. and treated with 1 N sodium hydroxide (4 ml., deoxygenated via argon bubbling). The resulting 
mixture was stirred under argon for 1 hour. The mixture was acidified with 10% potassium bisulfate and extracted with 
ethyl acetate. The organic layer was washed successively with water and brine, dried (sodium sulfate), filtered and 
concentrated to give a clear oil. This residue was flash chromatographed (Merck silica gel) eiuting with 1% acetic acid 

20 in 1 :2 hexane/ethyl acetate. The fractions containing clean desired product were combined, stripped, azeotroped with 
ethyl acetate, and washed with water to remove any acetic acid. The organic layer was dried (sodium sulfate), filtered 
and concentrated. The residue was taken up in ethyl acetate and triturated with hexane. The solvent was removed 
and the residue was slurried in hexane, stripped, and dried in vacuo to give 165 mg. of title product as a white powdery 
foam. [a] D = 1 31 .6° (c = 0.43, methylene chloride) 

25 TLC (1% acetic acid in 2:1 ethyl acetate/hexane) R f = 0.36. 





Anal, calc'd. for C 17 H23N 3 0 4 S 2 • 0.21 H 2 0 • 


0.09 C 6 H 14 .0.13C 4 H 8 O 2 : 






C, 51.58; 


H, 6.17; 


N, 9.99; 


S, 15.25 


30 


Found: 


C, 51.24; 


H, 6.08; 


N, 9.69; 


S, 15.22. 



Example 53 (Compound not claimed) 



[1 S-f 1 a,8a(R*)ll-Hexahvdro-8-f (2-mercapto-1 -oxo-3-phenvlpropyllamino1-9-oxo-1 H,5H-pyrazolof1 ,2-a][t ,21 
35 diazepine-1 -carboxylic acid 

a) 1-f(Phenvlmethoxv)carbonvll-3-pyrazolidinecarboxvlic acid, 1,1-dimethylethyl ester 

A solution of 3-pyrazolidinecarboxylic acid, 1 ,1-dimethylethyl ester (10.935 g., 63.5 mmol.) in dry acetonitrile (90 
40 ml.) was cooled to 0° C. (ice-salt bath) and treated with dry pyridine (11 .0 ml.) followed by a solution of benzylchloro- 
formate (12.54 g., 10.5 ml., 69.9 mmol.) in dry acetonitrile (25 ml.). The reaction was stirred at 0° C. for 3 hours, 
evaporated to dryness and the syrup obtained was re-dissolved in ethyl acetate (250 ml.). The solution was washed 
with 5% sodium bicarbonate (2 x 25 ml.) and brine (25 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to 
dryness and dried in vacuo . The crude product mixture was chromatographed on a silica gel column (Merck), eiuting 
45 the column with ethyl acetate: hexane mixtures (1:4; 1 :2) to give 1 1 . 1 44 g. of title product as a syrup. 
TLC(ethyl acetate:hexane, 1:1) Rf = 0.25. 

b) (S)-2-[2-Phthalimido-1,5-dioxo-5-(phenylmethoxy)pentvll-1,3-pvrazolidinedicarboxylic acid, 3-(1 ,1-dimethylethyl)- 
1 -phenvlmethyl ester 

so 

The dicylcohexylamine salt of (S)-2-phthalimidopentanedioic acid, 5-(phenylmethyl)ester (11.548 g., 21 mmol.) 
was suspended in ethyl acetate (700 ml.), washed with 5% potassium bisulfate (5 x 100 ml.) and brine (100 ml.), dried 
(anhydrous sodium sulfate), filtered, evaporated to dryness and dried jn vacuo. 

The free acid obtained was dissolved in dry ether (1 00 ml.), cooled to 0° C. (ice-salt bath), treated with phosphorous 
55 pentachloride (4.45 g., 21 mmol.) and stirred at 0° C. for 30 minutes then at room temperature for 15 minutes. The 
reaction mixture was evaporated to dryness, evaporated from toluene (2 x 230 ml.) and dried in vacuo . The crude acid 
chloride was dissolved in toluene (46 ml.), added to a cooled solution (10° C, ice-water bath) of the product from part 
(a) (5.52 g., 18 mmol.) in toluene (35 ml.)-sodium bicarbonate (4.77 g. in 46 ml. water), warmed up to room temperature 
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and stirred under argon for 20 hours. The reaction mixture was diluted with ethyl acetate (650 ml.), washed with 5% 
potassium bisulfate (2 x 1 40 ml.) and brine (1 40 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness 
and dried in vacuo to give 11.587 g. of title product. 

s c) (1S<is)-Hexahvdro-8-phthalimido-5,9-dioxo-1H,5H^^ acid, 
1,1-dimethylethyl ester 

A solution of the product from part (b) (12.653 g. t 18 mmol.) in dry dimethytformamide (196 ml.) was treated with 
10% palladium on carbon catalyst (2.19 g.) and hydrogenated (balloon) at room temperature for 24 hours. The reaction 

io mixture was diluted with methanol (200 ml.) and filtered through a Celite pad, washing the pad well with methanol (2 
x 200 ml.). The clear filtrate was evaporated to dryness and dried in vacuo to give a light gold-colored syrup. The crude 
product was dissolved in dry methylene chloride (185 ml.), cooled to 0° C. (ice-salt bath), treated with thionyl chloride 
(1.62 ml., 22.2 mmol.), stirred at 0° C. for 15 minutes then at room temperature for 6.0 hours. The reaction mixture 
was quenched with a solution of potassium bicarbonate (3.93 g.) in water (34 ml.), stirred for 10-15 minutes then 

is extracted with methylene chloride (2 x 290 ml.). The combined organic extracts were dried (anhydrous sodium sulfate), 
filtered, evaporated to dryness and dried jn vacuo The crude product mixture was chromatographed on a silica gel 
column (Merck), eluting the column with ethyl acetate:hexane mixtures (1:3; 1:2) to give 2.427 g. of title TLC(ethyl 
acetate:hexane, 1:1) R f = 0.37. 

20 d) (1S-cis)-Hexahvdro-8-phthalimido-9-oxo-1H,5H-pyrazolof1,2-a1f1,2ldiazepine-1-carboxvlic acid, 1 ,1-dimethylethyl 
ester 

A solution of the product from part (c) (607 mg., 1.43 mmol.) in dry tetrahydrofuran (12 ml.) was cooled to 0° C. 
(ice-salt bath) and treated with 1.0 M diboraneAetrahydrofuran according to the procedure of Example 47 part (a) to 
25 give 538 g. of title product as a syrup. TLC (ethyl acetate:hexane, 1 :1) R f = 0.38. 

e) (1S-cis)'Hexahvdro-8-amino-9-oxo-1H,5H-pvrazolo[1,2-a1[1,2]diazepine-1-carboxylic acid, 1,1-dimethylethyl ester 

A solution of the product from part (d) (505 mg., 1 .25 mmol.) in absolute ethanol (5.5 ml.) was treated with hydrazine 
30 hydrate (0.14 ml., 2.2 eq.) according to the procedure of Example 46 part (b) affording 312 mg. of title compound as 
a syrup. TLC (methylene chloride:methanol, 9:1 ) R f = 0.63. 

f) f1 S-f 1a,8a(R # )1l-Hexahvdro-8-ff2-(acetvlthio)-1-oxo-3-phenylpropvllamino1-9-oxo-1 H,5H-pvrazolof1 ,2-af f1 ,21 
diazepine-1-carboxylic acid 

35 

(S)-2-(Acetylthio)benzenepropanoic acid (obtained from 554 mg. of the dicyclohexylamine salt as previously de- 
scribed) was dissolved in methylene chloride (11 ml.), cooled to 0° C. (ice-salt bath), and treated sequentially with a 
solution of the product from part (e) (350 mg., 1.25 mmol.) in dry methylene chloride (2.5 ml.), triethylamine (0.17 ml., 
1.22 mmol.), and benzotriazol-1-yloxytris (dimethylamino)phosphonium hexafluorophosphate (561 mg., 1.29 mmol.) 

40 according to the procedure of Example 47 part (c) to give 400 mg. of [1S-[1a,8a(R*)]]-hexahydro-8-[[2-(acetylthio)- 
1-oxo-3-phenylpropyl]amino]-9-oxo-1H,5H-pyrazoIo[1,2-a][l,2]diazepine-1-carboxylic acid, 1,1-dimethylethyl ester as 
a syrup. TLC (ethyl acetate:hexane, 1:1) R f = 0.28. 

A solution of this material in dry methylene chloride was treated with anisole and trifluoroacetic acid according to 
the procedure of Example 47 part (d) affording the title product as a solid; [tx] D = -111.5° (c = 0.48, methanol). TLC 

45 (ethyl acetate: acetic acid, 95:5) R f = 0.38. 

q) [1S-f1 a,8a(R*)ll-Hexahydro-8-f(2-mercapto-1 -oxo-3-phenvlpropyl)amino1-9-oxo-1 H,5H-pyrazolo [1 ,2-a]f1 ,21 
diazepine-1 -carboxylic acid 

50 A solution of the product from part (f) in dry methanol was treated with 1 .0 N sodium hydroxide according to the 

procedure of Example 47 part (d) to give the title product as a white solid amorphous foam; [a] D = -71° (c = 0.50, 
methanol). TLC (ethyl acetate:acetic acid, 95:5) R f = 0.25. 



55 



Anal calc'd. for C 18 H 23 N 3 0 4 S • 0.13 C 5 H 12 • 0.20 H 2 0: 


Found: 


C, 57.36; 
C. 57.36; 


H, 6.44; 
H. 6.50; 


N, 10.76; 
N, 10.47; 


S.8.21 , 
S. 8.10. 
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Example 54 (Compound not claimed) 



f1S-[1a,8a(R*)1l-Hexahvdro-8-[(2-mercapto-1-ox^ [1,21 
diazepine-1 -carboxvlic acid 

a) (1 S-cis)-Hexahydro-8-amino-5,9-dioxo-1 H,5H-pyrazolof 1 ,2-a1[1 ,2]diazepine-1 -carboxylic acid, 1 ,1 -dimethylethyl 
ester 



A solution of the product from Example 53 part (c) (700 mg., 1.67 mmol.) in absolute ethanol (7.4 ml.) was treated 
10 with hydrazine hydrate (0.19 ml., 2.2 eq.) according to the procedure of Example 53 part (e) to give 436 mg. of title 
product as a white foam. TLC (methylene chloride: methanol, 9:1) R f = 0.30. 



15 



20 



25 



30 



b) hS41a,8a(R*)1]-Hexahydro^-r(2-m^ 
diazepine-1 -carboxvlic acid 

The product from part (a) was reacted with (S)-2-(acetythio)benzenepropanoic acid in the presence of triethylamine 
and benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate according to the procedure of Exam- 
ple 53 part (f) affording [1S-[1a l 8a(R*)]]-hexahydro-8-[[2-(acetylthio)-1oxo-3-phenylpropyl]amino]-5,9-dioxo-1H p 5H- 
pyrazolo[1,2-a][1,2]diazepine-1 -carboxylic acid, 1,1 -dimethylethyl ester as a syrup. TLC (ethyl acetate:hexane, 1:1) R f 
= 0.22. 

This material was treated with anisole followed by trifluoroacetic acid according to the procedure of Example 53 
part (f). The resulting acid product was dissolved in methanol and treated with 1.0 N sodium hydroxide according to 
the procedure of Example 53 part (g) affording the title product as a white solid amorphous foam; [<x] D = -95.8° (c = 
0.72, methanol). TLC (methylene chloride:methanol:acetic acid, 20:1:1) R f = 0.13. 



Anal, calc'd. for C 18 H 21 N 3 0 5 S • 0.07 C 6 H 14 -1.14 H 2 0: 



Found: 



C, 52.89; 


H, 5.83; 


N, 10.06; 


C, 52.89; 


H, 5.80; 


N, 9.18; 



S, 7.67 
S, 7.01. 



Example 55 



35 



f3S-f1(R*) l 3a(R # ),7Bll-Hexahvdro-a-methyl-3-[(2-mercapto-1-oxo-3-phenylpropvllaminol-2-oxo-7-propyl-1H- 
azepine-1 -acetic acid 



a) [3S-f 1 (R < ) l 3a,7Bll-Hexahvdro-a-methvl-3-phthalimido-2-oxo-7-(2-propenyl)-1 H-azepine-1 -acetic acid, methyl ester 



Allyltrimethylsilane (1 .53 ml., 9.6 mmol.) was added to a solution of [S-(R*,R*)]-hexahydro-a-methyl-3-phthalimido- 
2-oxo-l H-azepine-1 -acetic acid, methyl ester (485 mg. , 1 .48 mmol.) in methylene chloride (20 ml. ) at room temperature 

40 under argon. Following the addition of of stannic bromide (1.0 M in methylene chloride, 2.52 ml., 2.52 mmol.), the 
resulting mixture was stirred for 4 hours. Another portion of stannic bromide (1.48 ml.) was added and stirring was 
continued for 48 hours. The reaction mixture was quenched with aqueous ammonium chloride and extracted with ethyl 
acetate. The organic layer was washed with brine, dried (sodium sulfate), filtered, and concentrated to give 1.2 g. of 
a yellow residue. The crude acid was dissolved in methanol, cooled to 0° C, and treated with diazomethane to generate 

45 the methyl ester. The volatiles were removed and the residue was flash chromatographed (Merck silica gel) eluting 
with 1:3 ethyl acetate/hexane followed by 1:1 ethyl acetate/hexane to give 283 mg. of title product as a white foam; 
[a] D = -13.7° (c = 0.54, methylene chloride)). TLC(ethy) acetate:hexane, 1:1) R f = 0.50. 

b) f3S-f1(R*),3a7B1l'Hexahvdro-a-methvl-3-phthalimido-2-oxo-7-propyl-1 H-azepine-1 -acetic acid, methyl ester 

50 

A solution of the product from part (a) (463 mg., 1 .24 mmol.) in 1 :1 methanol/ethyl acetate (14 ml.) was hydrogen- 
ated over 10% palladium on carbon catalyst (41 mg.) for 3 hours. The mixture was filtered through Celite and the 
volatiles were removed to give 483 mg. of title product as a yellow oil. 

55 c) f3S-f 1 (Rn,3a(R # ),7B11-Hexahvdro-a-methyl-3-ff 2-(acetylthio)-1 -oxo-3-phenvlpropyl1amino1-2-oxo-7-propvl-1 H- 
azepine-1 -acetic acid, methyl ester 



The product from part (b) (483 mg.) was suspended in methanol (7 ml.) at room temperature under argon. The 
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10 



mixture was treated with hydrazine monohydrate (0.07 ml., 1.45 mmol.), became homogeneous, and was stirred for 
18 hours. The mixture was filtered to remove the white precipitate and the filtrate was stripped, treated with methylene 
chloride, filtered and stripped again to give 282 mg. of [3S-[1 (R*),3a,7p]]-hexahydro-a-methyl-3-amino-2-oxo-7-propyl- 
1 H-azepine-1 -acetic acid, methyl ester as a yellow oil. 

(S)-2-(Acetylchio)benzenepropanoic acid (obtained from 491 mg. of the dicyclohexylamine salt as described pre- 
viously) was dissolved in methylene chloride (15 ml.) at room temperature under argon. Following the addition of the 
above amine (282 mg., 1.10 mmol.), the mixture was cooled to 0 °C and treated with triethylamine (0.17 ml., 1.21 
mmol.) and benzotriazol-1-yloxytris (dimethylamino)phosphonium hexafluorophosphate (511 mg., 1 .16 mmol.) accord- 
ing to the procedure of Example 36 part (f) to give 385 mg. of the title product as a white foam. TLC(ethyl acetate: 
hexane, 1:1) R f = 0.43. 



55 



d) [3S-f 1 (R*) > 3a(R*),7B-Hexahvdro-a-methyl-3-f (2-mercapto-1 -oxo-3-phenvlpropyl)amino1-2-oxo-7-propvl -1 H- 
azepine-1 -acetic acid 



15 



20 



A solution of the product from part (c) (385 mg., 0.83 mmol.) in methanol (10 ml.) was treatedwith 1N sodium 
hydroxide (8 ml.) according to the procedure of Example 36 part (g) to give 1 42 mg. of title product as a white powdery 
foam; [a] D = -51.6° (c = 0.48, methylene chloride) TLC (1% acetic acid in 2:1 ethyl acetate/hexane) R f = 0.60. 



Anal, calc'd. for C^H^NgC^S -0.14 H 2 0: 



Found: 



C, 61.67; 


H, 7.46; 


N, 6.85; 


C, 61.97; 


H, 7.50; 


N, 6.55; 



S, 7.84 
S, 7.62. 



25 



Example 56 

fS-^R*)1-2,3,4,5-Tetrahydro-3-[^^ 
1 -acetic acid 



30 



a) [S-f R*,R*)l-2,3,4,5-Tetrahvdro-3-f[2-(acetvlthio)-1 -oxo-3-phenylpropvMamino1-2-oxo-1 H-pyrrolof 1 ,2-b1f1 .21 
diazepine-1 -acetic acid, ethyl ester 



35 



(S)-3-Amino-2-oxo-1H-pyrrolo[1,2-b][1,2]diazepine-1 -acetic acid, ethyl ester [prepared as described by Bolos et 
al., J. Org. Chem., 57, p 3535 - 33539 (1 992)] was reacted with (S)-2-(acetylthio)benzenepropanoic acid in the presence 
of triethylamine and benzotriazol-1-yloxytris(dimethlamino)phosphonium hexafluorophosphate according to the pro- 
cedure described above, as note Example 36 part (f), affording the title product as a colorless oil. 



b) fS-(R*,R*)l-2,3,4,5-Tetrahydro-3-1 l(2-mercapto-1 -oxo-3-phenvlpropyl)aminol-2-oxo-1 H-pyrrolo [1 ,2-blh ,2-bll1 ,21 
diazepine-1 -acetic acid 



40 



45 



SO 



A solution of the product from part (a) (1 35 mg., 0.30 mmol.) in methanol (2 ml.), tetrahydrofuran (1 ml.), and water 
(1 ml.) was sparged with argon for 30 minutes. Lithium hydroxide monohydride (50 mg., 1 .2 mmol.) was added to the 
solution at room temperature. The reaction mixture was stirred for 2 hours with continuous argon sparge, then acidified 
by the addition of 1M aqueous hydrochloric acid solution (1.4 mi.), then added to water (20 ml.) and then extracted 
with ethyl acetate (2x15 ml.). The organic extracts were combined, dried (sodium sulfate), and concentrated in vacuo 
to give an oil. The crude material was purified by flash chromatography (Merck silica, 12 x 1 .5 cm., 1:99 acetic acid/ 
ethyl acetate) to afford 1 1 5 mg. of title product as a white solid foam; [<x] D = -67° (c = 0.26, methanol). TLC (acetic acid: 
methanol: methylene chloride, 1:10:90) R f = 0.43. 



Anal, calc'd. for C 19 H 21 N 3 04S: 


Found: 


C, 58.90; 
C, 58.55; 


H, 5.46; 
H, 5.50; 


N, 10.85; 
N, 10.74; 


S, 8.27 
S, 8.17. 
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Example 57 



10 



15 



25 



30 



35 



40 



f1S-[1tt,9a(R*)l1Qctahvdro-9^ 
diazepine-1-carboxylic acid 

A solution of the product of Example 47 (100 mg, 0.247 mmol.) dissolved in ethanol (1.5 ml.) and water (0.15 ml.) 
was cooled to 0° C. and treated with methyl methanethiosulfonate (30.5 uJ., 37.4 mg., 0.296 mmol ). After 2 hours at 
0° C. and 6 hours at room temperature, the reaction mixture was diluted with water and extracted with a mixture of 
ethyl acetate and ethyl ether. The organic extract was rinsed with water and brine, dried (magnesium sulfate), and 
concentrated jn vacuo to 157 mg. of crude product. Flash chromatography on 12 g. of Merck silica gel eluted with 
hexanes, then 1:1,hexanes:ethyl acetate, and finally 4:4:0.05 followed by 4:4:0.1, hexanes:ethyl acetate: acetic acid 
yielded purified product. Trituration with ethyl acetate-hexanes afforded 85.4 mg. of title product as a white solid foam; 
[<x] D = - 104.2° (c = 0.18, chloroform). TLC(hexanes:ethyl acetate: acetic acid. 4:4:0:1) R f = 0.16. 



Anal.calc'd.for C20H27N 


3 0 4 S . 0.05 C 4 H 8 0 2 • 0.01 C 6 H 14 : 


Found: 


C, 54.95; 
C, 55.03; 


H, 6.27; 
H, 6.22; 


N, 9.49; 
N, 9.49; 


S, 14.48 
S, 14.40. 



20 Example 58 

rS-((R*,R*)1-2,3,4,5-Tetrahvdro-3-[[2'(methvldithio)-1-oxo-3-phenvlpropvnamino-2 -oxo-1 H-benzazepine-1 -acetic acid 



A solution of the product of Example 6 (100 mg., 0.235 mmol.) dissolved in ethanol (1 .2 ml.) and water (0.112 ml.) 
was cooled to 0° C. and treated with methyl methanesulfonate (29 uJ., 35.6 mg., 0.282 mmol.). After one hour at 0° 
C, the reaction was kept at room temperature for 8 hours, then refrigerated overnight. The reaction mixture was diluted 
with water and extracted with a mixture of ethyl acetate and ethyl ether. The organic extract was rinsed with water and 
brine, dried (magnesium sulfate), and concentrated in vacuo to 123 mg. of crude product. Flash chromatography on 
9 g. of Merck silica gel eluted with hexanes, then 1:1, hexanes: ethyl acetate, and finally 4:4:0. 1 , hexanes: ethyl acetate: 
acetic acid yielded 108 mg. of product. Trituration with ethyl acetate-hexanes gave 97 mg. of title product as a white 
solid; m.p. 83-95° C; [a] D = -185.17° (c = 0.3, chloroform). 
TLC(hexanes:ethyl acetate:acetic acid, 4:4:0.1) R f = 0.16. 



Anal, calc'd. for C22H 24 N 2 0 4 S 2 • 0.84 H 2 0 • 0.07 C 4 H 8 0 2 . 0.07 C 6 H 14 : 





C, 57.78; 


H, 5.81; 


N, 5.94; 


S, 13.59 


Found: 


C, 57.70; 


H.6.13; 


N, 6.27; 


S, 13.20. 



Example 59 

[S-(R*,R*)1-2,3 l 4 > 5-Tetrahvdro-3-[(2-mercapto-1-oxo-4-methylpentvl)aminol-2-oxo-1 H-benzazepine-1 -acetic acid 
a) (S)-2-Bromo-4-methylpentanoic acid 



45 Potassium bromide (9.5 g., 80 mmol.) was added to a stirred solution of D-leucine (3.0 g., 23 mmol.) in 2.5 N 

sulfuric acid (47 ml.) at room temperature. The reaction mixture was cooled to -10° C. and solid sodium nitrite (2.4 g., 
34 mmol.) was added portionwise, maintaining the temperature between -10° and -5° C. After addition was complete, 
the reaction was stirred for 1 hour and then warmed to room temperature and stirred for another hour. The reaction 
mixture was then extracted twice with ether, the ether extracts were washed once with water, dried (magnesium sulfate), 

so filtered and evaporated to give 2.7 g. of crude title product. 

b) (S)-2-(Acetvlthio)-4-methylpentanoic acid, dicvclohexylamine salt 

To a stirred slurry of potassium thioacetate (1.7 g., 15.0 mmol.) in 50 ml. of dry acetonitrile at room temperature 
55 under argon was added a solution of the product from part (a) (2.6 g., 1 3 mmol.) in 1 7 ml. of acetonitrile. The reaction 
was stirred 4 hours. The resulting slurry was filtered and evaporated. The residue was redissolved in ethyl ether, washed 
once with 5% potassium hydrogen sulfate solution and once with brine, dried (magnesium sulfate) and evaporated. 
The residue was dissolved in ether (64 ml.) and treated with dicvclohexylamine (2.7 ml., 14 mmol.). A white solid 
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Immediately began precipitating from the solution. The solution was filtered and the white solid collected to give 2.0 g. 
of title product; m.p. 153 - 158° C: [a] D = -54.5° C. (c = 0.61 , chloroform). 

cUS-(^R*)l-2,3,4,5-Tetrahydro-3-ff^^ 
5 ethyl ester 

A stirred suspension of the product from part (b) (31 2 mg., 0.840 mmol.) in 5 ml. of ethyl acetate was washed twice 
with 5 ml. portions of 5% potassium hydrogen sulfate solution. The organic extract was dried (sodium sulfate), filtered, 
concentrated and dried in vacuo for 20 minutes. The resulting oil was dissolved in 2.5 ml. of methylene chloride and 

10 stirred under argon at 0° C. To this solution was added a solution of (S) -2,3,4, 5-tetrahydro-3-amino-2-oxo-1H-ben- 
zazepine-1 -acetic acid, ethyl ester [prepared as described by Watthey etal., J. Med. Chem., 28, p. 1511 - 1516(1985)] 
(142 mg., 0.54 mmol.) in methylene chloride (3 ml.), then triethylamine (80 ml., 0.57 mmol.) and finally benzotriazol- 
1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (251 mg., 0.57 mmol.). After 1 hour, the reaction was 
warmed to room temperature and stirred 90 minutes. The resulting colorless solution was evaporated at less than 30° 

'5 c. and the oily residue redissolved in ethyl acetate. The solution was washed once with 1 M hydrochloric acid, once 
with water, once with a saturated solution of sodium bicarbonate and once with brine. The organic layer was dried 
(magnesium sulfate), filtered and evaporated. Purification by flash chromatography (eluting with 2:5 ethyl acetate/ 
hexanes) provided 223 mg. of the title product; [ct] D = -243.9° (c = 0.62, chloroform). 

20 d) fS-(R\R*)l-2,3A5-Tetrahydro-3-[(2-mercapto-1 -oxo-4-methvlpentyl)amino1-2-oxo-1 H-benzazepine-1 -acetic acid 

A solution of the product from part (c) (190 mg., 0.44 mmol.) in 4 ml. of methanol was purged with nitrogen for 5 
minutes and cooled to 0° C. To this solution was added dropwise 4 ml. of nitrogen-purged 1 M sodium hydroxide. 
Nitrogen was slowly bubbled through the solution during the reaction. After one hour, the reaction was warmed to room 
25 temperature and stirred one hour. The reaction was acidified with a 5% potassium bisulfate solution and extracted with 
ethyl acetate, the extracts were washed with water and a saturated solution of sodium chloride, dried (sodium sulfate) 
and evaporated. Reevaporation from hexanes yielded a white solid. The solid was gently heated in ethyl ether, filtered 
to remove an insoluble oil, and crystallized with hexanes to give 117 mg. of title product as a white solid; m. p. 143-144° 
C; [<x] D = -224.3° (c = 0.46, chloroform). TLC (ethyl acetate/hexane/acetic acid, 4:4:0.1) R f =0.19. 



Anal, calc'd. for C 18 H 


2 4 N 2 0 4 S .0.02C 4 H 10 O: 


Found: 


C, 59.34; 
C, 58.97; 


H, 6.67; 
H, 6.72; 


N, 7.66; 
N, 7.52; 


S, 8.76 
S, 8.67. 



35 

Example 60 

[R-(R*,S*)l-2,3,4,5-Tetrahydro-3-[(2-mercapto-2-methvl-1-oxo-3-phenylpropyl)amino1-2-oxo-1H-benzazepine- 
1 -acetic acid 

40 

a) S,S'-Bis(4-methoxv-a-toluenethiol) 

A solution of 4-methoxy-a-toluenethiol (25 g., 0.16 mol.) in benzene (200 ml) was added to a solution of potassium 
carbonate (44.8 g., 0.32 mol.) in water (200 ml.) and the resulting mixture was treated portionwise, with rapid stirring, 

45 with iodine (23.6 g.) until the color of iodine persisted. The reaction mixture was stirred for 15 minutes after which the 
excess iodine was destroyed by the addition of solid sodium sulfite (10 g.). The reaction mixture was diluted with 
benzene (200 ml.) and partitioned, reextracting the aqueous phase with more benzene (1 00 ml.). The combined organic 
extracts were washed with water (100 ml.), 5% sodium sulfite (1 00 ml.) and brine (50 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product was recrystallized from ethyl acetate 

so (200 ml.) and filtered, washing the cream colored precipitates with ethyl acetate (25 ml.), to give 16.596 g. of title 
product; m. p. 99-100° C. TLC(methylene chloride: methanol, 9:1) R f = 0.57. 

b) a-Methvl-hvdrocinnamic acid 

55 A solution of a-methyl cinnamic acid (1 0.0 g., 61 .7 mmol.) in dry methanol (250 ml.) was treated with 10% palladium 

on carbon and hydrogenated (balloon used) at room temperature for 16 hours. The reaction mixture was diluted with 
methanol (250 ml.), filtered through a Celite pad in a millipore unit, washing the pad well with methanol (2 x 100 ml.). 
The clear filtrate was evaporated to dryness to give 10.225 g. of title product as a thick syrup.. 
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c) a-Methvl"a-[r(4-methoxvphenyl)methvnthiolhvdrocinnamic acid 



A solution of diisopropylamine (1 .69 ml., 12.2 mmol.) in dry tetrahydrofuran (9.0 ml.) was cooled to -30° C. (ace- 
tonitrile-dry ice bath), treated with 2.5 M butyliithium (4.84 ml., 12.1 mmol.) and stirred at -30° C. for 20 minutes. The 
resulting lithium diisopropylamide solution was then treated with a solution of a-methyl-hydrocinnamic acid (1 .0 g. ( 6.1 
mmol.) in dry tetrahydrofuran (1.0 ml.), warmed up to room temperature and stirred under argon for 1.5 hours. The 
reaction mixture was cooled to 0° C. (ice-salt bath), treated with a solution of S,S'-bis(4-methoxy-a-toluenethiol) (1 .869 
g., 6.1 mmol.) in dry tetrahydrofuran (6.0 ml) and stirred for 45 minutes at 0° C. under argon. The mixture was then 
added slowly to 1.0 N hydrochloric acid (19.0 ml.) and the aqueous mixture was extracted with ethyl acetate (2 x 50 
ml). The combined organic extracts were washed with water (15 ml.) and brine (15 ml.), dried (anhydrous magnesium 
sulfate), filtered, evaporated to dryness and dried in vacuo . The crude product mixture was chromatographed on a 
silica gel column (Merck), elutingthe column with ethyl acetate :hexane mixtures (1:4; 1:2) followed by ethyl acetate: 
acetic acid (100:2) to give 1 .45 g. of title product. 

d) fR-(R*,S # )]-2,3,4,5-Tetrahvdro-3-rf2-ff(4-methoxvphenvl)methvnthiol-2-methvl-1-oxo-3 -phenylpropyllaminol- 
2-oxo-1H-benzazepine-1 -acetic acid, 1,1-dimethylethyl ester and [S-(R # ,R*)l-2,3,4,5-tetrahydro-3-f[2-ff 
(4-methoxvphenyl) methvllthio1-2-methyl-1-oxo-3-phenylpropynamino1-2-oxo-1H-benzazepine-1 -acetic acid, 
1,1-dimethylethyl ester 

A solution of the product from part (c) (497 mg., 1 .57 mmol., 1 .09 eq.) was cooled to 0° C. (ice-salt bath), treated 
with a solution of (S)-2,3,4,5-tetrahydro-3-amino-2-oxo-1H-benzazepine-1 -acetic acid, 1,1-dimethylethyl ester [pre- 
pared according to the procedure of Watthey et al., J. Med. Chem. 28, p. 1511 - 1516 (1985)] (417 mg., 1.44 mmol.) 
in dry methylene chloride (2.9 ml.) followed by triethylamine (0.2 ml., 1 .45 mmol.) and benzotriazol-i-yloxytris (dimeth- 
ylamino)phosphonium hexafluorophosphate (642 mg., 1.45 mmol.). The reaction mixture was stirred at 0° C. for 1.0 
hour then at room temperature for 2.5 hours after which it was evaporated to dryness. The syrup obtained was redis- 
solved in ethyl acetate (50 ml.) and the resulting solution washed with 0.5 N hydrochloric acid (2 x 8.3 ml.), water (8.3 
ml.) and brine (8.3 ml.), dried (anhydrous sodium sulfate), filtered, evaporated to dryness and dried in vacuo . The crude 
product was chromatographed on a silica gel column (Merck), eluting the column with ethyl acetate:hexane (1:4) to 
give 709 mg. of a mixture of isomeric products. 

Rechromatography of the isomer mixture on a silica gel column and elution with ethyl acetate: methylene chloride 
(1 :99, 2:98) gave 340 mg. of the [R-(R*,S*)] title product; [a] D = -72° (c = 0.66, methanol); TLC(ethyl acetate:hexane, 
1:1) R f -0.70 and 316 mg. of the [S-(R*,R*)title product; [<x] D = -142° (c = 0.5, methanol); TLC(ethyl acetate:hexane, 
1:1) R f = 0.87. 

e) fR-(R*,S*)1-2,3,4,5-Tetrahvdro-3-f(2-mercapto-2-methvl-1-oxo-3-phenylpropyl)amino]-2-oxo-1H-benzazepine- 
1 -acetic acid 



A solution of the (R-(R*,S*)] product from part (d) (300 mg., 0.51 mmol.) in trifluoroacetic acid (2.5 ml.) was cooled 
to 0° C. (ice-salt bath), treated with anisole (0.25 ml., 2.3 mmol.) and trifluoromethanesulfonic acid (0.13 ml., 1.47 
mmol.) and stirred at 0° C. for 2.5 hours under argon. The reaction mixture was stripped to dryness, evaporating the 
residual syrup from ethyl acetate (2x15 ml.) then dried in vacuo . The crude product mixture was chromatographed 
on a silica gel column (Merck), eluting the column with ethyl acetate and ethyl acetate:acetic acid (100:2). The first set 
of desired fractions were combined and partitioned between ethyl acetate and 1 .ON hydrochloric acid to give 91 .0 mg. 
of crude product. This was combined with a second set of fractions which were also rechromatographed separately 
on another silica gel column to give a total amount of 301 mg. which still had impurities. Rechromatography on a third 
silica gel column was done, eluting the column with toluene:acetic acid (6:1) to give 156 mg. of pure title product as a 
solid foam; [a] D = -248.3° (c = 0.73, methanol). TLC(toluene:acetic acid, 5:1) R f = 0.28. 



Anal, calc'd. for C^H^NgC^S • 0.21 C 6 H 14 ■ 0.54 H 2 0: 



C, 63.82; 


H, 5.85; 


N, 6.40; 


C, 63.82; 


H, 6.14; 


N.6.21; 



Found: 



S, 7.32 
S, 7.16. 
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Example 61 

[S-^R*)l-2,3A5-Tetrahvdro-3-f(2-mercapto-2-me^ 
1 -acetic acid 



70 



75 



20 



25 



30 



35 



40 



45 



50 



55 



A solution of the [S-(R*,R*)]product from Example 60 part (d) (316 mg., 0.54 mmol.) in trifluoroacetic acid (2.63 
ml.) was cooled to 0° C. and treated with anisole (0.26 ml., 2.30 mmol.) and trifluoromethanesuffonic acid (0.14 ml., 
1 .58 mmol.) according to the procedure of Example 60 part (e) to give 209.8 mg. of title product; [a] D = -123° (c = 0.48, 
methanol). TLC (toluene:acetic acid, 5:1) R f = 0.35. 



Anal, calc'd. for C^H 


24 N 2 0 4 S • 0.4 C 6 H 14 : 


Found: 


C, 64.22; 
C, 64.38; 


H, 5.95; 
H, 6.19; 


N, 6.73; 
N, 6.27; 


S, 7.70 
S, 7.05. 



Example 62 

f3R-f3a,6a(S*),9afl1]-Qctahvdro-6-^ 
3-carboxvlic acid, 1 -oxide 

a) f3R-[3a,6a(S*),9aP11-Octahydro-6-ff2^ 
3-carboxylic acid, 1 -oxide, methyl ester 

A solution of the product from Example 11 part (f) (301 mg., 0.67 mmol.) in chloroform (9.5 ml.) was cooled to 0 - 
5° C. To this solution was added a solution of meta-chloroperoxybenzoic acid (137 mg., 0.79 mmol.) in chloroform (7 
ml ). The reaction mixture was stirred at 0° C. under nitrogen. After 1 hour, TLC showed the absence of starting material. 
The reaction mixture was diluted with chloroform (66 ml.), washed with dilute sodium bicarbonate (2x13 ml.) (pH = 
10), water (27 ml.) and dried over sodium sulfate. It was filtered and concentrated in vacuo to a foamy solid. The foamy 
solid was flash chromatographed over Merck silica gel (30 ml.) with ethyl acetate: acetonitrile (95:5) (400 ml.) to give 
263 mg. of title product as a 55:45 mixture of diastereomers (R.S mixture of sulfoxide). TLC(ethyl acetate:acetonitrile, 
95:5) R f = 0.23. 

b) [3R-[3a > 6a(S*)9apll-Octahydro-6-f(2-mercapto-1-oxO'3-phenylpropyl)aminol-5-oxothiazolof3,2-alazepine- 
3-carboxylic acid, 1 -oxide. 

A solution of the product from part (a) (263 mg., 0.56 mmol.) in methanol (3.4 ml., deoxygenated via argon bubbling) 
was treated with 1N sodium hydroxide (2.8 ml., 2.8 mmol., deoxygenated via argon bubbling) and the clear solution 
was stirred under argon at room temperature. After 2 hours, TLC showed the absence of starting material. The solution 
was acidified with 10% potassium bisulfate (12.5 ml.), diluted with water (17 ml.), and extracted with ethylacetate (3 x 
60 ml.). The ethyl acetate extract was washed with water (25 ml.), brine (50 ml.) and dried over sodium sulfate. It was 
filtered and concentrated to an oily residue. Treatment of this residue with hexane and ethyl ether gave a solid (230 
mg.). The solid was flash chromatographed over Merck silica gel (50 ml.), using ethyl acetate/acetonitrile/acetic acid 
(50:50:6to7) (600 ml.) to give (142 mg.) of solid. The solid (142 mg.) was dissolved in methanol (2 ml.) and diluted with 
ethyl acetate (25 ml.). It was washed with 10% potassium bisulfate (3 ml.) (pH = 2), diluted with water (8 ml.). The 
organic layer was separated. The aqueous layer was extracted with ethyl acetate (3x10 ml.). The combined ethyl 
acetate extract was washed with water (5 ml.), brine (5 ml.), dried over sodium sulfate, filtered and concentrated to an 
oily residue. Trituration of this residue with ethyl acetate/ethyl ether gave 102 mg. of title product as a single isomer; 
m.p. 129 - 132° C. (foaming); [a] D = -89.3° (c = 0.3, dimethylformamide). TLC(ethyl acetate/acetonitrile/acetic acid) R f 
= 0.26. 



Anal, calc'd. for C^H^NgO^ -0.12 C 4 H 8 0 2 • 0.56 H 2 0: 



Found: 



C, 51.48; 


H, 5.62; 


N, 6.49; 


C, 51.32; 


H, 5.34; 


N, 6.74; 



S, 14.87 
S, 14.50. 



Example 63 

1000 tablets each containing the following ingredients: 
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[S-l^R^^AS-Tetrtahydro-S^-fmerc^ 

2-acetic acid 

Cornstarch 

Gelatin 

Avicel (microcrystalline cellulose) 
Magnesium stearate 




25 



30 



40 



10 

are prepared from sufficient bulk quantities by mixing the product of Example 6 and cornstarch with an aqueous solution 
of the gelatin. The mixturte is dried and ground to a fine powder. The Avicel and then the magnesium stearate are 
admixed with granulation. This mixture is then compressed in a tablet press to form 1000 tablets each containing 200 
mg. of active ingredient. 

75 In a similar manner, tablets containing 200 mg. of the product of any of Examples 1 to 5 and 7 to 62 can be prepared. 

Similar procedures can be employed to form tablets or capsules containing from 50 mg. to 500 mg. of active 
ingredient. 

20 Claims 

1 . A compound of the formula 



(i) 



o 

0 

Rl S (CH 2 ) n C C Xj 



35 or such a compound in pharmaceutical^ acceptable salt form, wherein: 

Ri is hydrogen, 



0 

i 

R 3 — C — , 

45 orR 18 -S-; 

R 2 and R 19 are independently selected from hydrogen, alkyl, cycioalkyl-(CH 2 ) m -, substituted alkyl, aryl- 
(CH 2 ) m -, substituted aryl-(CH 2 ) m -, and heteroaryl-(CH 2 ) m - ; 

n is zero or one provided that n must be zero when Rg and R 19 are both other than hydrogen; 
m is zero or an integer from 1 to 6; 
so R 3 is alkyl, substituted alkyl, cycloalkyl- (CH 2 ) m -, aryl- (CH 2 ) m -, substituted aryl-(CH 2 ) m -, or heteroaryl- 

(CH 2 ) m -; 

R 18 is alkyl, substituted alkyl, cycloalkyl-(CH 2 ) m -, aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m -, heteroaryl-(CH 2 ) m - 
or -S-R 18 completes a symmetrical disulfide wherein R 18 is of the formula 

55 
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(II) 



O 
II 

— (CH 2 ) n C C Xi 



\ 




(IV) 



(CH 2 ) 



<0) B _ 



-A 



I 

B 



X: 

Rio 



0 

H 

-(CH 2 ) b C -OR 12 



Hi 
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(VII) 



(VIII) 



(IX) 




0 
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H O COOR 12 



(XI) 



(XII) 



(XIII) 




R 4 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, hydroxy, cycloalkyl -(CH 2 ) m -, aryl -(CH 2 ) m 
substituted aryl -(CH 2 ) m -, or heteroaryl -(CH 2 ) m -; 

R 5 is hydrogen, alkyl, substituted alkyl, alkenyl, cycloalkyl-(CH 2 ) m -, aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m - 
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hydroxy, or R 4 and R 5 taken together with the carbon to which they are attached complete a saturated cycloalky I 
ring of 3 to 7 carbons or R4 and R 5 together with the carbon to which they are attached complete a keto 
substituent; 

Rs, R 8 and R 10 are independently selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, 
cycloalkyl -(CH 2 ) m -, aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m -, and heteroaryl-(CH 2 ) m -; 

R 7 , R 9 and R n are independently selected from hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, 

cycloalkyl -(CH 2 ) m -, aryl-(CH 2 ) m> and substituted aryl -(CH 2 ) m -, or R 6 and R 7 taken together with the carbon 

to which they are attached complete a saturated cycloalkyl ring of 3 to 7 carbons or R B and R 9 taken together 

with the carbon to which they are attached complete a saturated cycloalkyl ring of 3 to 7 carbons; 

b is zero or one; 

q is an integer from 1 to 4; 

r is one or two; 

s is zero, one or two; 

t is one, two, or three; 

v is one or two; 

w is one or two; 

Y, is -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -, -O-, 




-CH 2 -0-, or 



Y 2 is -CH 2 -, 



(0) s 
I 

-CH 2 ~S ~ ; 



(0). 



orO; 

Y 3 is -CH 2 - or 



(O). 

-s — 



Y 4 is -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -, -O-, or -CH 2 -0- ; 
Z is O or two hydrogens; 

R 12 is hydrogen, alkyl, substituted alkyl, aryl-(CH 2 ) m -, substituted aryl-(CH 2 ) m -, heteroaryl-(CH 2 ) m - 
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II 

- Oi-0-C-R 15 




- CH 2 




*16 



or 



9 



R-,3 is hydrogen, lower alkyl, or substituted lower alkyl; 
R 14 is hydrogen s lower alkyl, cycloalkyl, or phenyl; 
R 15 is hydrogen, lower alkyl, lower alkoxy or phenyl; 
R 16 is lower alkyl or aryl-(CH 2 ) m -; and 

R 17 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl-(CH 2 ) m -, aryl-(CH 2 ) m -, substi- 
tuted aryl-(CH 2 ) m -, or heteroaryl-(CH 2 ) m -; 

provided that when X, is of formula XI, n is zero, Rj is hydrogen or 



and R 19 is hydrogen, R 2 is not hydrogen, alkyl, aryl -(CH 2 ) m - or substituted aryl -(CH 2 ) m -; 
wherein 

the term "alkyl" refers to straight or branched chain radicals having up to seven carbon atoms; 
the term "substituted alkyl" refers to such straight or branched chain radicals of 1 to 7 carbons wherein one 
or more hydrogens have been replaced by a hydroxy, amino, halo, trifluoromethyl, cyano, -NH(lower alkyl), 
-N(lower alkyl) 2 , lower alkoxy, lower alky Ithio or carboxy; 

the term "alkenyl" refers to straight or branched chain radicals of 3 to 7 carbon atoms having one or two double 
bonds; 

the term "substituted alkenyl" refers to such straight or branched radicals of 3 to 7 carbons having one or two 
double bonds wherein a hydrogen has been replaced by a hydroxy, amino, halo, trifluoromethyl, cyano, -NH 
(lower alkyl), -N(lower alkyl) 2 , lower alkoxy, lower alkylthio, or carboxy; 
the term "cycloalkyl" refers to saturated rings of 3 to 7 carbon atoms; 
the term "aryl" refers to phenyl, 1-naphthyl, and 2-naphthyl; 

the term "substituted aryl" refers to phenyl, 1-naphthyl, and 2-naphthyl having a substituent selected from 
lower alkyl, lower alkoxy, lower alkylthio, halo, hydroxy, trifluoromethyl, amino, -NH(lower alkyl), and -Nflower 
alkyl) 2 , and di- and tri -substituted phenyl, 1-naphthyl, and 2-naphthyl wherein said substituents are selected 
from methyl, methoxy, methylthio, halo, hydroxy, and amino; 

the term "heteroaryl" refers to unsaturated rings of 5 or 6 atoms containing one or two O and S atoms and/or 
one to four N atoms provided that the total number of hetero atoms in the ring is 4 or less and also includes 
bicyclic rings wherein the five or six membered ring containing O, S, and N atoms as defined above is fused 
to a benzene or pyridyl ring, wherein the mono or bicyclic heteroaryl ring can also be additionally substituted 
at an available carbon atom by a lower alkyl, halo, hydroxy, benzyl, or cyclohexylmethyl and, if the mono or 
bicyclic ring has an available N-atom, such N atom can also be substituted by an N-protecting group such as 





9 




9 
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2,4-dinitrophenyl, lower alkyl, benzyl, or benzhydryl ; 

the term "lower alkyl* refers to straight or branched radicals having up to four carbon atoms; and 

the terms "lower alkoxy" and "lower alkylthio" refer to such lower alkyl groups as defined above attached to 

an oxygen or sulfur. 

A compound of Claim 1 wherein: 

R 1 is hydrogen, 



0 
II 

*3 C , 

or R 18 -S-; 

R 3 is lower alkyl of 1 to 4 carbons or phenyl; 
R 18 is lower alkyl of 1 to 4 carbons; 
n is zero or one; 

R 2 is aryl-CH 2 -, substituted ary l-CH 2 -, heteroary l-CH 2 -, or straight or branched chain alkyl of 1 to 7 carbons; and 
R 19 is hydrogen. 

A compound of Claim 2 wherein: 

Xj is , of formula III and 
q is one or two; 

R 4 is hydrogen, methyl, or phenyl; 
R 5 is hydrogen; 

Re and R 7 are both hydrogen or are both methyl, or Rg is lower alkyl of 1 to 4 carbons, mono substituted lower 
alkyl of 1 to 4 carbons, or alkenyl of 3 to 5 carbons having one double bond and is hydrogen or R 6 and R 7 
taken together with the carbon to which they are attached complete a cycloalkyl of 3 to 5 carbons; 
R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero or one; and 

R 12 is hydrogen or tower alkyl of 1 to 4 carbons; or 
X 1 is of formula IV and 
r is one; 
s is zero; 

R e is hydrogen, phenyl, or lower alkyl of 1 to 4 carbons; 
R 9 is hydrogen; 

Re and R 7 are both hydrogen or are both methyl or R 6 is lower alkyl of 1 to 4 carbons or phenyl and R 7 is 
hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 

X n is of formula V and 

s is zero; 

t is one or two; 

Re and R 7 are both hydrogen or are both methyl or R 6 is lower alkyl of 1 to 4 carbons or phenyl and R 7 is 
hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
X, is of formula VI and 
Y, is O, S, or CH 2 ; 

Re and R 7 are both hydrogen or R 6 is lower alky! of 1 to 4 carbons and R 7 is hydrogen; 

R 10 and R„ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 

b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
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X 1 is of formula VII and 
Y 4 is -CH 2 -; 

Re and R 7 are both hydrogen; 

R 10 and are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
is of formula VI II and 

Re and R 7 are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
R 10 and are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero, and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
X, is of formula IX and 
v is one or two; 
w is one or two; 
Y 2 is S or CH 2 ; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; 
Xt is of formula X and 
Y 2 is CH 2 ; 

w is one or two ; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 

X 1 is of formula XI and 

v is one or two; 

Z is O or two hydrogens; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 

Xt is of formula XII and 

Z is O or two hydrogens; 

R 17 is lower alkyl of 1 to 4 carbons; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; or 
Xt is of formula XIII and 
Y 3 is CH 2 or S; 
R 13 is hydrogen; 

R 10 and R^ are both hydrogen or one is hydrogen and the other is lower alkyl of 1 to 4 carbons; 
b is zero; and 

R 12 is hydrogen or lower alkyl of 1 to 4 carbons; 
provided that when X 1 is of formula XI and R-, is hydrogen or 




then n is one or if n is zero then R 2 is heteroaryl -CH 2 -. 

A compound of Claim 3 wherein: 

R 1 is hydrogen; 
n is zero; 

R 2 is benzyl, (2-thienyl)methyl, or straight or branched chain alkyl of 1 to 5 carbons. 

A compound of Claim 4 wherein: 

X, is of formula III and 
q is two; 

R 4 and R 5 are both hydrogen; 

Re and R 7 are both methyl or R 6 is propyl, allyl, or 2-hydroxyethyl and R 7 is hydrogen; 
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b is zero; 

R 10 and R n are both hydrogen or one is hydrogen and the other is methyl; and 
R 12 is hydrogen; or 

is of formula IV and 
r is one; 
b is zero; 
s is zero; 

R 8 is hydrogen or phenyl; 

R 6 and R 7 are both hydrogen or R 6 is phenyl and R 7 is hydrogen; and 
R9. Rio> R n and R i2 are a " hydrogen; or 
X, is of formula V 
s is zero; 
t is two; 

R 6 is phenyl and R 7 is hydrogen; 
b is zero; and 

R 10 , and R 12 are all hydrogen; or 
Xt is of formula VI 
Yj is CH 2 ; 
b is zero; and 

Re. R7, R10. R n and R12 are al1 hydrogen; or 

X 1 is of formula IX and 

v is two; 

w is one or two; 

Y 2 is S or CH 2 ; and 

R 12 is hydrogen; or 

Xt is of formula XI and 

v is two; 

Z is two hydrogens: and 
R 12 is hydrogen; 

provided that when X } is of formula XI then R 2 is (2-thienyl)methyL 

A compound of Claim 1 which is: 

[S-(R*,R*)]-2,3 l 4,5-tetrahydro-3-[(2-mercapto-1-oxohexyl)amino]-2-oxo-1H-benzazepine-1 -acetic acid; 

[S-^R*)]-2,3A5-tetrahydro-3-[(2-mercapto-1-oxo^-m 

acid; 

[S-^R*)]-2,3A5-tetrahydro-3-[(2-m^ 
acid; 

[1 S-[1 a,9a(R*)]]-octahydro-9-[[2-m^ 
[1 ,2]diazepine-1 -carboxylic acid; 

[4S-[4a,7a(R*),10aP]]-decahydro-7-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-6-oxopyrido [1,2-a]azepine- 
4-carboxylic acid; 

[3R-[3a, 6a(S*), 9aP]J-octahydro-6-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-5-oxothiazolo[3,2-a]azepine- 
3-carboxylic acid; 

[3S-[1(R*),3a(R*)7P]]-hexahydro-a-methyl-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-oxo-7-propylOH- 
azepine-1 -acetic acid; 

[6(S)]-hexahydro-6-[(2-mercapto-t -oxo-3-phenylpropyl)amino]-2,2<iimethyl-7-oxo-1 H-azepine-1 -acetic acid; 
[3S-[3a(R*),7p]]-hexahydro-3-[(2-mercapto-1-oxo-3-phenyIpropyl)amino]-2-oxo-7-propyl-1H-azepine-1-ace- 
tic acid; or 

[3S-[3a(R*),7p]]-hexahydro-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-oxo-7-(2-propenyl)-1H-azepine- 
1 -acetic acid. 

A pharmaceutical composition comprising a pharmaceutical^ acceptable carrier and a compound of the formula 
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5 Ri— S — (CH 2 ) n — C C — X X 

or a pharmaceutical^ acceptable salt thereof wherein R 1( R 2 , R 19> n, and X, are as defined in any preceding claim. 

10 

8. A process for preparing a compound of the formula 



75 



20 



25 



30 



35 



40 



45 



o 

I 

R x S — (CH 2 ) n — C C — X x 

wherein R v R 2 , R^, X, and n are as defined in any one of Claims 1 to 6 which comprises 
a) when R 1 is hydrogen or 

0 

i 

B 3 — C — 

and R 19 is hydrogen, coupling an acylmercaptocarboxylic acid of the formula 
(XIV) 

f \ 

R 3 — C S (CH 2 ) n — CH — C —OH 

I 



or an activated form of the acid of formula XIV with the intermediate of the formula 

(XV) H-X 1 
to give the product of the formula 

so (XVT) 



O 

55 R 3—C S (CH 2 ) n — CH— C— X X 

«2 
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wherein R 12 in the definition of is an easily removable ester protecting group followed by removal of the 
acyl group 

0 

i 

Rj— C — 



and the R 12 ester protecting group; 

b) when R 2 and R l9 are both other than hydrogen and n is zero, coupling the substituted mercapto sidechain 
of the formula 

(XVII) 



o 

H 3 CO— ( O )— H 2 C-S-C — C —OH 

R19 R 2 



with the intermediate of formula XV to give the compound of the formula 
(XVTII) 




H3CO 




O 



o 
0 

H 2 C-S-C — C — X x 
Rl9 R 2 



followed by treatment with a strong acid to remove the methoxybenzyl protecting group; 
c) when R 1 is -S-R 18 and R 18 is alkyl, substituted alkyl, cycloalXyl-fCH^-, aryl-(CH 2 ) m «, substituted aryl- 
(CH 2 ) m -, or heteroaryl-(CH 2 ) m -, reacting the product of formula I wherein R 1 is hydrogen with a sulfonyl com- 
pound of the formula 

(XXI) H 3 C-S0 2 -S-R 18 



in an aqueous alcohol solvent; and 
d) when R 1 is -S-R 18 and R 18 is 
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oxidizing the product of formula I wherein R 1 is hydrogen with iodine. 

9. A compound of any one of Claims 1 to 6 for use as an active pharmaceutical substance. 

10. Use of a compound of any one of Claims 1 to 6 for the manufacture of a medicament for use in inhibiting angiotensin 
converting enzyme and neutral endopeptidase. 

Patentanspruche 

1. Verbindung der Formel 

(i) 

o 
0 

Ri — S — {CH 2 ) n — c C — X! 



R 2 



Oder diese Verbindung in Form eines pharmazeutisch vertraglichen Salzes, wobei: 
25 R 1 ein Wasserstoffatom, einen Rest der Formel 

O 
II 

so R 3 — C 

oder R-is-S- bedeutet; 

R 2 und R 19 unabhangig voneinander ausgewahlt sind aus einem Wasserstoffatom, Alkyl-, Cyc!oalkyl-(CH 2 ) m -, 
substituierten Alkyl-, Aryl-(CH 2 ) m -, substituierten Aryl-(CH 2 ) m - und Heteroaryl-(CH 2 ) m -rest; 
55 n null Oder eins ist, mit der MaGgabe, daG n null sein muG, wenn F^ und R 19 beide kein Wasserstoffatom 

darstellen; 

m null oder eine ganze Zahl von 1 bis 6 ist; 

R 3 einen Alkyl-, substituierten Alkyl-, Cycloalkyl-(CH 2 ) m -, Aryl-(CH 2 ) m -, substituierten Aryl-(CH 2 ) m - oder He- 
teroaryl-(CH 2 ) m -rest bedeutet; 

40 R 18 ©'"en Alkyl-, substituierten Alkyl-, Cycloalkyl-(CH 2 ) m -, Aryl-(CH 2 ) m -, substituierten Aryl-(CH 2 ) m - ) Hete- 

roaryl-(CH 2 ) m -rest darstellt oder der Rest der Formel -S-R 18 ein symmetrisches Disulfid vervollstandigt, wobei 
R 18 die Formel 



(ii) 



o 
0 

— (CH 2 ) n — C C X l 



aufweist; 
55 X, die Formel 
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(HI) 



10 



15 (IV) 



20 



(CH 2 )q>£ O 
1 [N, 



, „ R 10 *U 

H 0 



(CH 2 ) r /C 

J R7 



S 

C CCH 2 ) b -0 0R 12 



H 0 R 10 R H 
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(XI) 



(XII) 



Oder 

(XIII) 




aufweist; 

R 4 ein Wasserstoffatom, einen Alkyl-, substituierten Alkyl-, Alkenyl-, substituierten Alkenylrest, eine Hydroxyl- 
gruppe, einen Cycloalkyl-(CH 2 ) m -, Aryl-{CH 2 ) m -, substituierten Aryl-(CH 2 ) m - Oder Heteroaryl-(CH 2 ) m -rest be- 
deutet; 

R 5 ein Wasserstoffatom, einen Alkyl-, substituierten Alkyl-, Alkenyl-, Cycloalkyl-(CH 2 ) m -, Aryl-(CH 2 ) m -, substi- 
tuierten Aryl-(CH 2 ) m -rest, eine Hydroxylgruppe darstellt, oder R4 und R 5 zusammengenommen mit dem Koh- 
lenstoffatom, an das sie gebunden sind, einen gesattigten Cycloalkylring aus 3 bis 7 Kohlenstoflatomen ver- 
vollstandigen oder R 4 und R 5 zusammen mit dem Kohlenstoffatom, an das sie gebunden sind, einen Keto- 
substituenten vervollstandigen; 

Rq, R e und R 10 unabhangig voneinander ausgewahlt sind aus einem Wasserstoffatom, Alkyl-, substituierten 
Alkyl-, Alkenyl-, substituierten Alkenyl-, Cycfoalkyl-(CH 2 ) m -, Aryl-(CH 2 ) m -, substituierten Aryl-(CH 2 ) m - und He- 
teroaryl-(CH 2 ) m -rest; 

R 7 , Rg und R n unabhangig voneinander ausgewahlt sind aus einem Wasserstoffatom, Alkyl-, substituierten 
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Alkyl-, Aikenyl-, substituierten Alkenyl-, Cycloalkyl-(CH 2 ) m -, Aryl-(CH 2 ) m - und substituierlen Aryl-(CH 2 ) m -rest 

oder R 6 und R 7 zusammengenommen mitdem Kohlenstoffatom, an das sie gebunden sind, einen gesattigten 

Cycloalkylring aus 3 bis 7 Kohlenstoffatomen vervollstandigen oder R 8 und R 9 zusammengenommen mit dem 

Kohlenstoffatom, an das sie gebunden sind, einen gesattigten Cycloalkylring aus 3 bis 7 Kohlenstoffatomen 
5 vervollstandigen; 

b null oder eins ist; 

q eine ganze Zahl von 1 bis 4 ist; ' 

r eins oder zwei ist; 

s null, eins oder zwei ist; 
to t eins, zwei oder drei ist; 

v eins oder zwei ist; 

w eins oder zwei ist; 

Yt eine Gruppe der Formel -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -, -O, 



15 



20 



35 



40 



45 



(0), 

I 

— S-, 



-CH 2 -0- oder 



(O), 

I 

— CH : — S — 



bedeutet; 

30 Y 2 eine kruppe der Formel -CH 2 - 



(O), 
I 

— s— 



oder -O- darstellt; 

Y 3 eine Gruppe der Formel -CH 2 - oder 



(O), 

I 

— s— 



bedeutet; 

Y 4 eine Gruppe der Formel -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -, -O- oder -CH 2 -0- darstellt; 
Z ein Sauerstoffatom oder zwei Wasserstoffatome bedeutet; 

R 12 ein Wasserstoffatom, einen Alkyl-, substituierten Alkyl-, Aryl-(CH 2 ) m -, substituierten Aryl-(CH 2 ) m -, Hete- 
50 roaryl-(CH 2 ) m -rest, einen Rest der Formel 



55 
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O 
0 

CH-O-C 



*1S 



oder 



— CH2' 




Rl6 



*1« 



35 



40 



45 



50 



bedeutet; 

R 13 ein Wasserstoffatom, einen Niederalkyl- oder substituierten Niederalkylrest darstellt; 
R 14 ein Wasserstoffatom, einen Niederalkyl-, Cycloalkylrest oder eine Phenylgruppe bedeutet; 
R 15 ein Wasserstoffatom, einen Niederalkyl-, Niederalkoxyrest oder eine Phenylgruppe darstellt; 
R 16 einen Niederalkyl- oder Aryl-(CH 2 ) m -rest bedeutet; und 

R 17 ein Wasserstoffatom, einen Alkyl-, substituierten Alkyl-, Alkenyl-, substituierten Alkenyl-, Cycloalkyl- 
(CH 2 ) m -, Aryl-(CH 2 ) m -, substituierten Aryl-(CH 2 ) m - oder Heteroaryl-(CH 2 ) m -rest darstellt; 

mit der MaGgabe, daf3, wenn X 1 die Formel XI aufweist, n null ist, R t ein Wasserstoffatom oder einen Rest 



bedeutet, und R 19 ein Wasserstoffatom darstellt, R 2 kein Wasserstoffatom, Alkyl-, Aryl-(CH 2 ) m - oder substituierter 
Aryl-(CH 2 ) m -rest ist; 



der Begriff "Alkylrest" Reste mit einer unverzweigten oder verzweigten Kette mit bis zu sieben Kohlenstoffato- 
men betrifft; 

der Begriff "substituierter Alkylrest" solche Reste mit einer unverzweigten oder verzweigten Kette aus 1 bis 7 
Kohlenstoffatomen betrifft, in denen ein oder mehrere Wasserstoffatom e durch eine Hydroxyl-, Aminogruppe, 
ein Halogenatom, eine Trifluormethyl-, Cyanogruppe, einen Rest der Formel -NH(Niederalkyl), -N(Niederal- 
kyl) 2 , einen Niederalkoxy-, Niederalkylthiorest oder eine Carboxylgruppe ersetzt wurden; 
der Begriff "Alkenyl rest" Reste mit einer unverzweigten oder verzweigten Kette aus 3 bis 7 Kohlenstoffatomen 
mit einer oder zwei Doppelbindungen betrifft; 

der Begriff "substituierter Alkenylrest" solche Reste mit einer unverzweigten oder verzweigten Kette aus 3 bis 
7 Kohlenstoffatomen mit einer oder zwei Doppelbindungen betrifft, in denen ein Wasserstoffatom durch eine 
Hydroxyl-, Aminogruppe, ein Halogenatom, eine Trifluormethyl-, Cyanogruppe, einen Rest der Forme! -NH 
(Niederalkyl), -N(Niederalkyl) 2 , einen Niederalkoxy-, Niederalkylthiorest oder eine Carboxylgruppe ersetzt 
wurde; 

der Begriff 'Cycloalkylrest" gesattigte Ringe aus 3 bis 7 Kohlenstoffatomen betrifft; 
der Begriff "Arylrest" eine Phenyl-, 1-Naphthyl- und 2-Naphthylgruppe betrifft; 

der Begriff "substituierter Arylrest" eine Phenyl-, 1-Naphthyl- und 2-Naphthylgruppe mit einem Substituenten, 
ausgewahlt aus einem Niederalkyl-, Niederalkoxy-, Niederalkylthiorest, einem Halogenatom, einer Hydroxyl-, 
Trifluormethyl-, Aminogruppe, einem Rest der Formel -NH(Niederalkyl) und -N(Niederalkyl) 2 , und eine di- und 
trisubstituierte Phenyl-, 1 -Naphthyl- und 2-Naphthylgruppe, wobei die Substituenten ausgewahlt sind aus einer 
Methyl-, Methoxy-, Methylthiogruppe, einem Halogenatom, einer Hydroxyl- und Aminogruppe, betrifft; 
der Begriff "Heteroarylrest" ungesattigte Ringe aus 5 oder 6 Atomen mit einem oder zwei Sauerstoff- und 
Schwefelatomen und/oder einem bis vier Stickstoffatomen betrifft, mit der MaGgabe, daG die Gesamtzahl an 
Heteroatomen im Ring 4 oder weniger ist, und auch bicyclische Ringe umfaBt sind, wobei der f unf- oder sechs- 
gliedrige Ring, der Sauerstoff-, Schwefel- und Stickstoffatome, wie vorstehend definiert, enthalt, an einen 
Benzol- oder Pyridylring kondensiert ist, wobei der mono- oder bicyclische Heteroarylring auch zusatzlich an 
einem verfugbaren Kohlenstoffatom mit einem Niederalkylrest, einem Halogenatom, einer Hydroxy!-, Benzyl- 
oder Cyclohexylmethylgruppe substituiert sein kann, und, wenn der mono- oder bicyclische Ring ein verfug- 



der Formel 



0 
II 

R 3 -C — 



wobei 
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bares Stickstoffatom aufweist, dieses Stickstoffatom auch mit einer Stickstoffschutzgruppe, wie einer Gruppe 
der Formel 



einer 2,4-Dinitrophenylgruppe, einem Niederalkylrest, einer Benzyl- Oder Benzhydrylgruppe substituiert sein 
kann; 

der Begriff "Niederalkylrest" unverzweigte Oder verzweigte Reste mit bis zu vier Kohlenstoffatomen betriff t; und 
die Begriffe "Niederalkoxyrest" und "Niederalkylthiorest" solche wie vorstehend definierten Niederalkylreste, 
die an ein Sauerstoff- oder Schwefelatom gebunden sind, betreffen. 

Verbindung nach Anspruch 1 , wobei: 

ein Wasserstoffatom, einen Rest der Formel 

o 
II 

R 3 -C — 

oder R 18 -S- darstellt; 

R 3 einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen oder eine Phenylgruppe bedeutet; 
R 18 einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; 
n null oder eins ist; 

R 2 einen Aryl-CH 2 -, substituierten Aryi-CH 2 -, Heteroaryl-CH 2 -rest oder einen Alkylrestmit einer unverzweigten 
oder verzweigten Kette aus 1 bis 7 Kohlenstoffatomen bedeutet; und 
R 19 ein Wasserstoffatom darstellt. 

Verbindung nach Anspruch 2, wobei: 

die Formel III aufweist; und q eins oder zwei ist; 
R 4 ein Wasserstoffatom, eine Methyl- oder Phenylgruppe bedeutet; 
R 5 ein Wasserstoffatom darstellt; 

Re und R 7 beide ein Wasserstoffatom oder beide eine Methylgruppe bedeuten, oder Rg einen Niederalkylrest 
aus 1 bis 4 Kohlenstoffatomen, monosubstituierten Niederalkylrest aus 1 bis 4 Kohlenstoffatomen oder Alke- 
nylrest aus 3 bis 5 Kohlenstoffatomen mit einer Dop-pelbindung darstellt, und R 7 ein Wasserstoffatom bedeutet 
oder R 6 und Rg zusammengenommen mit dem Kohlenstoffatom, an das sie gebunden sind, einen Cycloal- 
kylrest aus 3 bis 5 Kohlenstoffatomen vervollstandigen; 

R 10 und R n beide ein Wasserstoffatom darstellen oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 
b null oder eins ist; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; oder 
X 1 die Formel IV aufweist; und 
reins ist; 
s null ist; 

R 8 ein Wasserstoffatom, eine Phenylgruppe oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeu- 
tet; 

Rg ein Wasserstoffatom darstellt; 

Re und Ry beide ein Wasserstoffatom oder beide eine Methylgruppe bedeuten oder Rg einen Niederalkylrest 
aus 1 bis 4 Kohlenstoffatomen oder eine Phenylgruppe darstellt, und Ry ein Wasserstoffatom bedeutet; 
R 10 und R^ beide ein Wasserstoffatom darstellen oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 
b null ist; und 
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R 12 ein Wasserstoffatom Oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; Oder 
Xj die Formel V aufweist; und 
s null ist; 

t eins oder zwei ist; 

R$ und R 7 beide ein Wasserstoffatom oder beide eine Methylgruppe bedeuten Oder einen Niederalkylrest 
aus 1 bis 4 Kohlenstoffatomen oder eine Phenylgruppe darstellt, und ein Wasserstoffatom bedeutet; 
R 10 und R^ beide ein Wasserstoffatom darstellen oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 
b null ist; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; oder 
X, die Formel VI aufweist; und 

Y 1 ein Sauerstoff-, Schwefelatom oder eine Gruppe der Formel -CH 2 - bedeutet; 

Rg und R 7 beide ein Wasserstoffatom darstellen oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen 
bedeutet, und R 9 ein Wasserstoffatom darstellt; 

R 10 und Rn beide ein Wasserstoffatom bedeuten oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; 
b null ist; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; oder 

Xt die Formel VII aufweist; und 

Y 4 eine Gruppe der Formel -CH 2 - darstellt; 

F^ und R 7 beide ein Wasserstoffatom bedeuten; 

R 10 und R n beide ein Wasserstoffatom darstellen oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 
b null ist; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; oder 
X, die Formel VIII aufweist; und 

Re und R 7 beide ein Wasserstoffatom bedeuten oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; 

R 10 und R n beide ein Wasserstoffatom bedeuten oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; 
b null ist; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; oder 
X, die Formel IX aufweist; und 
v eins oder zwei ist; 
w eins oder zwei ist: 

Y 2 ein Schwefelatom oder eine Gruppe der Formel -CH 2 - darstellt; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 

X, die Formel X aufweist; und 

Y 2 eine Gruppe der Formel -CH 2 - darstellt; 

w eins oder zwei ist; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; oder 
X 1 die Formel XI aufweist; und 
v eins oder zwei ist; 

Z ein Sauerstoff atom oder zwei Wasserstoffatome darstellt; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; oder 
Xt die Formel XII aufweist; und 

Z ein Sauerstoff atom oder zwei Wasserstoffatome darstellt; 

R 17 einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 

R 10 und R^ beide ein Wasserstoffatom darstellen oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 
b null ist; und 

R 12 ein Wasserstoffatom oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; oder 
X, die Formel XIII aufweist; und 

Y 3 eine Gruppe der Formel -CH 2 - oder ein Schwefelatom bedeutet; 
R 13 ein Wasserstoffatom darstellt; 

R 10 und R^ beide ein Wasserstoffatom bedeuten oder einer ein Wasserstoffatom und der andere einen Nie- 
deralkylrest aus 1 bis 4 Kohlenstoffatomen darstellt; 
b null ist; und 
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R 12 ein Wasserstoffatom Oder einen Niederalkylrest aus 1 bis 4 Kohlenstoffatomen bedeutet; 

mit der MaGgabe, daG, wenn X v die Formel XI aufweist, und R, ein Wasserstoffatom oder einen Rest der 
Forme I 



0 
II 

R 3 -C — 

darstellt, n dann eins ist oder, wenn n null ist, dann einen Heteroaryl-CH 2 -rest bedeutet. 

Verbindung nach Anspruch 3, wobei: 

Rt ein Wasserstoffatom darstellt; 
n null ist; 

R 2 eine Benzyl-, (2-Thienyl)methylgruppeoder einen Alkylrest mit einer unverzweigten oder verzweigten Kette 
aus 1 bis 5 Kohlenstoffatomen bedeutet. 

Verbindung nach Anspruch 4, wobei: 

X, die Formel III aufweist; und 
q zwei ist; 

R 4 und R 5 beide ein Wasserstoffatom darstellen; 

F^ und R 7 beide eine Methylgruppe bedeuten oder R 6 eine Propyl-, Allyl- oder 2-Hydroxy ethyl gruppe darstellt, 
und R 7 ein Wasserstoffatom bedeutet; 
b null ist; 

R 10 und R^ beide ein Wasserstoffatom darstellen oder einer ein Wasserstoffatom und der andere eine Me- 
thylgruppe bedeutet; und 
R 12 ein Wasserstoffatom darstellt; oder 
X, die Formel IV aufweist; und 
r eins ist; 
b null ist; 
s null ist; 

R 8 ein Wasserstoffatom oder eine Phenylgruppe bedeutet; 

Re und R 9 beide ein Wasserstoffatom darstellen oder R 6 eine Phenylgruppe bedeutet, und R 7 ein Wasser- 
stoffatom darstellt; und 

Rg. Rio. R u und R 12 alle e ' n Wasserstoffatom bedeuten; oder 
X, die Formel V aufweist; 
s null ist; 
t zwei ist; 

Re eine Phenylgruppe darstellt, und R 7 ein Wasserstoffatom bedeutet; 
b null ist; und 

R 10 , R 1t und R 12 alle ein Wasserstoffatom darstellen; oder 
X, die Formel VI aufweist; 

eine Gruppe der Formel -CH 2 - bedeutet; 
b null ist; und 

Re- R 7. R io> R n und R 12 a,le ein Wasserstoffatom darstellen; oder 
X, die Formel IX aufweist; und 
v zwei ist; 

w eins oder zwei ist; 

Y 2 ein Schwefelatom oder eine Gruppe der Formel -CH 2 - bedeutet; und 
R 12 ein Wasserstoffatom darstellt; oder 
X, die Formel XI aufweist; und 
v zwei ist; 

Z zwei Wasserstoffatome bedeutet; und 
R 12 ein Wasserstoffatom darstellt; 
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mit der MaGgabe, da3, wenn die Formel XI aufweist, dann eine (2-Thienyl)methylgruppe bedeutet. 

Verbindung nach Anspruch 1 , die: 

[S-f^R^^AS-Tetrahydro-S-t^-m^ 

[S-(R^R*)]-2,3,4,5-Tetrahydro-3-[(2-me^c^ 

saure; 

[S-(R*,R*)]-2,3,4,5-Tetrahydro-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2<)xo-1H-b 
saure; 

[1 S-[1 a,9a(R*)])-Octahydro-94(2^ 
[1,2]diazepin-1-carbonsaure; 

[4S-[4a7a(R*)J0aP]]-Decahydro-7-[(2-mercaptoO-o^ 
4-carbonsaure; 

[3R-[3a,6a(S*),9aP]]-Ctetahydro-6-[^ 
3-carbonsaure; 

[3S-[1(R*),3a(R*)7p]]-Hexahydro-a-methyl-3^ 
1 H-azepin-1 -essigsaure; 

[6(S)]-Hexahydro-6-[(2-mercapto-tK)xo-3-pheny^ 
[3S-[3a(R*)jp]]-Hexahydro-3-[(2-mercapto-1<w^^ 
sigsaure Oder 

[3S-[3a(R*)7p]]-Hexahydro-3-[(2-mercapto^ 
1 -essigsaure ist. 

Arzneimittel, umfassend einen pharmazeutisch vertraglichen Trager und eine Verbindung der Formel 



0 

0 

Rl S — (CH 2 )n — c C — Xi 

\ 
»2 



9 n 



Oder ein pharmazeutisch vertragliches Salz davon, wobei R,, R 2 , R 19 , n und X, wie in einem der vorstehenden 
Anspruche definiert sind. 

Verfahren zur Herstellung einer Verbindung der Formel 



o 

I 

Rl S {CH 2 ) n — C C X! 

in der R lP R2. R 19 , X A und n wie in einem der Anspruche 1 bis 6 definiert sind, das umfaGt 
a) wenn Rj ein Wasserstoffatom oder einen Rest der Formel 

0 
II 

R 3 -C- 

bedeutet, und R 19 ein Wasserstoffatom darstellt, Kopplung einer Acylmercaptocarbonsaure der Formel 
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(XIV) 



f 

R 3 — C — S 



(CHj)n — 



CH — C — QH 
I 



Oder einer aktivierten Form der Saure der Formel XIV mit der Zwischenverbindung der Forme) 



(XV) HO^ 



wobei sich das Produkt der Formel 



(XVI) 



f 



R 3 C S (CH 2 ) n — CH — C — Xj. 

R 2 



ergibt, in der R 12 in der Definition von X, eine leichl entfernbare Esterschutzgruppe bedeutet; und anschlie 
Bende Entfemung des Acylrestes der Formel 



0 
II 

R,-C — 



und der Esterschutzgruppe R 12 ; 

b) wenn R 2 und R 19 beide kein Wasserstoflatom darstellen, und n null ist, Kopplung der substituierten Mer 
captoseitenkette der Formel 



(XVII) 



H 3 CO 




o 



f 



•HjC-S-C — C 
Ri» Rj 



•OH 



mit der Zwischenverbindung der Formel XV, wobei sich die Verbindung der Formel 



(XVIII) 




H 3 CO— ( O 



0 

0 

H 2 C-S-C — C — Xj 
R19 R2 
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ergibt, und anschlieGende Behandlung mit einer starken Saure, urn die Methoxybenzylschutzgruppe zu ent- 
fernen; 

c) wenn einen Rest der Formel -S-R 18 bedeutet, und R 18 einen Alkyl-, substituierten Alkyl-, Cycloalkyl- 
( CH 2)m _ ' Ar y | -(CH 2 ) m -, substituierten Ary!-(CH 2 ) m - Oder Heteroaryl-(CH 2 ) m -rest darstellt, Umsetzen des Pro- 
s duktes der Formel I, in der ft, ein Wasserstoffatom bedeutet, mit einer Sulfonylverbindung der Formel 

(XXI) H 3 C-S0 2 -S-R 18 



10 jn einem waGrigen Alkoholldsungsmittel; und 

d) wenn einen Rest der Formel -S-R 18 bedeutet, und R 18 einen Rest der Formel 



15 



20 



30 



35 



40 



45 



50 



o 
D 

-{CH 2 ) n — C C — Xi 

\ 

R 2 



' a 



darstellt, Oxidierendes Produktes der Formel I, in der R 1 ein Wasserstoffatom bedeutet, mit lod. 

9. Verbindung nach einem der Anspruche 1 bis 6 zur Verwendung als pharmazeutischer Wirkstoff. 

25 10. Verwendung einer Verbindung nach einem der Anspruche 1 bis 6 zur Herstellung eines Arzneimittels zur Verwen- 
dung bei der Inhibierung des Angiotensin-umwandelnden Enzyms und der neutralen Endopeptidase. 



Revendications 

1 . Compose de formule 

(I) 



0 

II 

Rl S (CH 2 ) n — C C Xi 



eventuellement sous la forme d'un sel pharmaceutiquement acceptable, formule dans laquelle 
R 1 est I'hydrogene, 

0 
II 

Rs-c- , 



ou R 18 -S-; 

R2 et R 19 sont choisis independamment entre I'hydrogene et les groupes alkyle, cycloalkyl-(CH 2 ) m - > alkyle 
substitue, aryl-(CH 2 ) m -, aryl substitu6-(CH 2 ) m - et heteroaryl-(CH 2 ) m -; 

n est egal a zero ou un, sous reserve que n soit egal a zero lorsque R2 et R 19 sont tous deux autres que 
55 I'hydrogene; 

m est egal a zero ou bien est un nombre entier de 1 a 6; 

R 3 est un groupe alkyle, alkyle substitue, cycloa!kyl-(CH 2 ) m -, aryl-(CH 2 ) m - t aryl substitue-(CH 2 ) m -ou heteroa- 
ryl-(CH 2 ) m -; 
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R, 8 est un groups alkyle, alky le substitue, cycloalkyl-(CH 2 ) m -, aryl-(CH 2 ) m -, aryl substitue -(CH 2 ) m -, heteroaryl- 
( CH 2)m - ' ou Dien -S-Rte complete un disulfure symetrique dans lequel R 18 a pour formule 



(ID 



(CH 2 ) R — C 



o 
li 

c — 



X, a pour formule 



(III) 



R 4 



Rs 




Re 



(CH 2 )q 



O 

.N— C— (CH 2 ) b — C 0R 12 



N 
I 

H 



|| Rio R n 
o 
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(V) 



* (o; s 

I 

(CH,) t ^-R, 



vt ^\ / N ~- >C~(CH 2 ) b -C— 0R 12 
— N C / \ 




55 
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(VIII) 



(IX) 



(X) 




H 0 COOR 12 
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N- (CH 2 )v 




COOR12 



(XII) 




U 

N —C — (CH 2 ) b C OR 12 

Rio R ii 



OU 



(XIII) 



A / 

N-\ ^-N— C— (CH 2 ) b — 



II 

o 



/\ 

Rio . R ii 



11 

C 0R 12 



R 4 est I'hydrogene ou un groups alkyle, alkyle substitue, alcenyle, alcenyle substitue, hydroxy, cycloalkyl- 
(CH 2 ) m -, aryl-(CH 2 ) m -, aryl substitue -(CH 2 ) m - ou heteroaryl-(CH 2 ) m -; 

R 5 est I'hydrogene ou un groupe alkyle, alkyle substitue, alcenyle, cycloalkyl-(CH 2 ) m -, aryl-(CH 2 ) m -, aryl subs- 
titue -(CH 2 ) m -, ou hydroxy, ou bien R 4 et R 5 torment, avec I'atome de carbone auquel ils sont fixes, un noyau 
cycloalkyle sature de 3 a 7 atomes de carbone, ou bien R 4 et R 5 torment, avec I'atome de carbone auquel ils 
sont fixes, un substituant ceto; 

Rg, R 8 et Rt 0 sont choisis independamment entre I'hydrogene et les groupes alkyle, alkyle substitue, alcenyle, 

alcenyle substitue, cycloa!kyl-(CH 2 ) m -, ary1-(CH 2 ) m -, aryl substitue -(CH 2 ) m - et het6roaryI-(CH 2 ) m -; 

R 7 , R 9 et R ni sont choisis independamment entre I'hydrogene et les groupes aikyle, alkyle substitue, alcenyle, 

alcSnyle substitue, cycloatkyl-(CH 2 ) m -, aryl-(CH 2 ) m - et aryl substitue-(CH 2 ) m -, ou bien R 6 et R 7 torment, avec 

I'atome de carbone auquel ils sont fixes, un noyau cycloalkyle sature de 3 a 7 atomes de carbone, ou bien R 8 

et Rg forment, avec I'atome de carbone auquel ils sont fixes, un noyau cycloalkyle sature de 3 a 7 atomes de 

carbone; 



104 



EP 0 599 444 B1 



10 



75 



25 



30 



35 



45 



SO 



b est egal a zero ou un; 

q est un nombre entier de 1 a 4; 

r est egal a un ou deux; 

s est egal a zero, un ou deux; 

t est egal a un, deux ou trois; 

v est egal a un ou deux; 

w est egal a un ou deux; 

Yt est -CH r , -(CH 2 ) 2 -, -(CH 2 ) 3 -, -O-, 



(0) s 
I 



-CH 2 -0-, ou 

(0) 3 

20 | 

-CH 2 -S- 



Y 2 est -CH 2 -, 



(O)s 
I 

-s-, 



ou O; 

Y 3 est -CH 2 - ou 



(0) s 
I 

-S-; 



Y 4 est -CH 2 -, -(CH 2 ) 2 -, -(CH 2 ) 3 -, -O-, ou -CH 2 -0-; 
40 Z represente I'oxygene ou deux atomes d'hydrogene; 

R 12 est I'hydrogene ou un groupe alkyle, alkyle substitue, aryl-(CH 2 ) m -, aryl substitue -(CH 2 ) m -, heteroaryl- 
(CH 2 ) m -. 



o 

A. 



o 

II 

-ch-o-c-Ris \ r 

1 \ — / 

Ri4. , ou — CH 2 Rig 



R 13 est I'hydrogene ou un groupe alkyle inferieur ou alkyle inferieur substitue; 
R 14 est I'hydrogene ou un groupe alkyle inferieur, cycloalkyle ou phenyle; 
R 15 est I'hydrogene ou un groupe alkyle inferieur, alcoxy inferieur ou phenyle; 
R 16 est un groupe alkyle inferieur ou aryl -(Chy,,,-; et 
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R 17 est I'hydrogene ou un groupe alkyle, alkyle substitue, alcenyle, alcenyle substitue, cycloalkyl-(CH 2 ) m -, 
aryl-(CH 2 ) m -, aryl substitue -(CH 2 ) m - ou heteroaryl-(CH 2 ) m -; 

sous reserve que, lorsque a pour formule XI, n est egal a zero, est I'hydrogene ou le groupe 

0 
II 

R3-C-, 

et R 19 est I'hydrogene, ne soit pas I'hydrogene ou un groupe alkyle, aty\-(CH 2 ) m - ou aryl substitue-(CH 2 ) m -; 

le terme "alkyle" designant des radicaux a chaTne droite ou ramifiee ayant jusqu'a 7 atomes de carbone; 
le terme 'alkyle substitue" d6signant de tels radicaux a chalne droite ou ramified de 1 a 7 atomes de carbone 
dans lesquels un ou plusieurs atomes d'hydrogene ont ete remplaces par un substituant hydroxy, amine, halo, 
trifluoromethyle, cyano, -NH (alkyle inferieur), -N (alkyle inferieur) 2 , alcoxy inferieur, alkylthio inferieur ou car- 
boxy; 

le terme "alcenyle" designant des radicaux a chaTne droite ou ramifiee de 3 a 7 atomes de carbone ayant une 
ou deux doubles liaisons; 

le terme "alcenyle substitue" designant de tels radicaux a chaTne droite ou ramifiee de 3 a 7 atomes de carbone 
ayant une ou deux doubles liaisons, dans lesquels un atome d'hydrogene a 6te remplace par un substituant 
hydroxy, amine, halo, trifluoromethyle, cyano, -NH(alkyle inferieur), -Nfalkyle inferieur) 2 , alcoxy inferieur, alk- 
ylthio inferieur ou carboxy; 

le terme "cycloalkyle" designant des noyaux satures de 3 a 7 atomes de carbone; 
le terme "aryle" designant un groupe ph6nyle, 1-naphtyle ou 2-naphtyle; 

le terme "aryle substitue" designant un groupe pheYiyle, 1-naphtyle ou 2-naphtyle qui porte un substituant 
choisi entre alkyle inferieur, alcoxy inferieur, alkylthio inferieur, halo, hydroxy, trifluoromethyle, amine, -NH 
(alkyle inferieur) et -N(alkyle inferieur) 2 , ou un groupe phenyle, 1-naphtyle ou 2-naphtyle di- ou tri-substitue 
dans lesquels lesdits substituants sont choisis entre methyle, methoxy, methylthio, halo, hydroxy et amine; 
le terme "h&eroaryle" designant des noyaux insatures de 5 ou 6 atomes contenant un ou deux atomes d'oxy- 
gene et de soufre et/ou de un a quatre atomes d'azote, sous reserve que le nombre total d'heteroatomes du 
cycle soit de 4 ou moins, et incluant 6galement des noyaux bicycliques dans lesquels le noyau a cinq ou six 
chaTnons contenant des atomes d'oxygene, de soufre et d'azote tel qu'il est defini ci-dessus est soude a un 
noyau benzene ou pyridyle, le noyau heteroaryle mono ou bicyclique pouvant egalement etre additionnelle- 
ment substitue sur un atome de carbone disponible par un substituant alkyle inferieur, halo, hydroxy, benzyle 
ou eye lohexyl methyle et, si le noyau mono ou bicyclique a un atome d'azote disponible, cet atome d'azote 
peut aussi etre substitue par un groupe N-protecteur tel que 




2,4-dinitrophenyle, alkyle inferieur, benzyle ou benzhydryle; 

le terme "alkyle inferieur" designant des radicaux a chaTne droite ou ramifiee ayant jusqu'a quatre atomes de 
carbone; et 

les termes "alcoxy inferieur" et "alkylthio interieur" designant des groupes alkyle inferieur tels qu'ils sont definis 
ci-dessus, fixes a un atome d'oxygene ou de soufre. 

Compose selon la revendication 1, dans lequel: 

R 1 est I'hydrogene, 

O 

R 3 -C-, 
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ou R 18 -S; 

R 3 est un groupe alkyle inferieur de 1 a 4 atomes de carbone, ou phenyle; 
R 18 est un groupe alkyle inferieur de 1 a 4 atomes de carbone; 
n est egal a zero ou un; 

R 2 est un groupe aryl-CH 2 -, aryl substitu6-CH 2 -, h6t6roaryl-CH 2 -, ou alkyle a chaine droite ou ramifiee de 1 
a 7 atomes de carbone; et 
R 19 est I'hydrogene. 

Compose selon la revendication 2, dans lequel: 

X } a pour formule HI et 
q est 6gal a un ou deux; 

R 4 est I'hydrogene ou le groupe methyle ou phenyle; 
R 5 est I'hydrogene; 

Rg et R 7 sont tous deux I'hydrogene ou sont tous deux le groupe methyle, ou bien Rg est un groupe alkyle 

inferieur de 1 a 4 atomes de carbone, alkyle inf6rieur mono-substitu6 de 1 a 4 atomes de carbone, ou alc6nyle 

de 3 a 5 atomes de carbone ayant une double liaison et Ry est I'hydrogene, ou bien R 6 et R 7 torment, avec 

I'atome de carbone auquel ils sont fixes, un groupe cycloalkyle de 3 a 5 atomes de carbone; 

R 10 et R n sont tous deux I'hydrogene, ou bien Tun est I'hydrogene et Pautre est un groupe alkyle inferieur de 

1 a 4 atomes de carbone; 

b est 6gal a z6ro ou un; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 

a pour formule IV et 
r est egal a un; 
s est 6gal a z6ro; 

R 8 est I'hydrogene ou un groupe phenyle ou alkyle inferieur de 1 a 4 atomes de carbone; 
R 9 est I'hydrogene; 

Re et R 7 sont tous deux I'hydrogene ou sont tous deux le groupe methyle, ou bien Rg est un groupe alkyle 
inferieur de 1 a 4 atomes de carbone, ou phenyle, et R 7 est I'hydrogene; 

R 10 et R n sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est un groupe alkyle inf6rieur de 
1 a 4 atomes de carbone; 
b est 6gal a zero; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 

Xt a pour formule V et 

s est egal a zero; 

t est egal a un ou deux; 

R 6 et R 7 sont tous deux I'hydrogene ou sont tous deux le groupe methyle, ou bien Rg est un groupe alkyle 
inferieur de 1 a 4 atomes de carbone, ou phenyle, et est I'hydrogene; 

R 10 et R n sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est un groupe alkyle inf6rieur de 
1 a 4 atomes de carbone; 
b est egal a zero; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 
X, a pour formule VI et 
Y, est O, S ou CH 2 ; 

Rg et R 7 sont tous deux I'hydrogene, ou bien R B est un groupe alkyle inferieur de 1 a 4 atomes de carbone et 
R 7 est I'hydrogene; 

R 10 et R n sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est un groupe alkyle inferieur de 
1 a 4 atomes de carbone; 
b est egal a zero; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 
Xt a pour formule VII et 
Y 4 est -CH 2 -; 

Rg et R 7 sont tous deux I'hydrogene; 

R 10 et R^ sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est un groupe alkyle inferieur de 
1 a 4 atomes de carbone; 
b est egal a zero; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 
X, a pour formule VIM et 



107 



EP 0 599 444 B1 



Re et R 7 sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et i'autre est un groupe alkyle inferieur de 1 
a 4 atomes de carbone; 

R 10 et R„ sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est un groupe alkyle inferieur de 
1 a 4 atomes de carbone; 
b est 6gal a z6ro, et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 
Xt a pourformule IX et 
v est egal a un ou deux; 
w est 6gal a un ou deux; 
Y 2 est S ou CH 2 ; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 
X 1 a pourformule X et 
Y 2 est CH 2 ; 

w est 6gal a un ou deux; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 

X, a pour formule XI et v est 6gal a un ou deux; 

Z repfesente un atome d'oxygene ou deux atomes d'hydrogene; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 

Xt a pourformule XII et 

Z represente un atome d'oxygene ou deux atomes d'hydrogene; 
R 17 est un groupe alkyle inferieur de 1 a 4 atomes de carbone; 

R 10 et R ni sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est un groupe alkyle inferieur de 
1 a 4 atomes de carbone; 
b est egal a zero; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; ou bien 
X A a pourformule XIII et 
Y 3 est CH 2 ou S; 
R 13 est I'hydrogene; 

R 10 et R^ sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est un groupe alkyle inferieur de 
1 a 4 atomes de carbone; 
b est egal a zero; et 

R 12 est I'hydrogene ou un groupe alkyle inferieur de 1 a 4 atomes de carbone; 
sous reserve que, lorsque X! a pour formule XI et R-, est I'hydrogene ou 

0 
II 

R3-0, 

n soit egal a un ou bien, si n est egal a zero, R 9 soit un groupe heteroaryl-CH 2 -. 

Compose selon la revendication 3, dans lequel: 

R-, est I'hydrogene; 
n est egal a zero; 

R 2 est un groupe benzyle, (2-th ienyl)m6thyle, ou alkyle a chaTne droite ou ramfftee de 1 a 5 atomes de carbone. 

Compose selon la revendication 4, dans lequel: 

X, a pourformule III et 
q est 6gal a deux; 

R 4 et R 5 sont tous deux I'hydrogene; 

Re et R 7 sont tous deux le groupe m6thyle ou bien Rg est un groupe propyle, allyle ou 2-hydroxyethyle et Ry 
est I'hydrogene; 
b est egal a zero; 

R 10 et R„ sont tous deux I'hydrogene, ou bien I'un est I'hydrogene et I'autre est le groupe methyle; et 
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R 12 est I'hydrogene; ou bien 
X, a pourformule IV et 
r est egal a un; 
b est 6gal a zero; 
s est 6gal a z6ro; 

R 8 est I'hydrogene ou le groupe phenyle; 

Rg et R 7 sont tous deux I'hydrogene, ou bien Fig est le groupe ph6nyle et R 7 est I'hydrogene; et 
Rg, Rio. ^11 et R12 sont tous I'hydrogene; ou bien 
X, a pourformule Vet 
s est egal a zero; 
t est egal a deux; 

Rg est le groupe ph6nyle et R 7 est I'hydrogene; 
b est 6gal a zero; et 

R 10 , et R 12 sont tous I'hydrogene; ou bien 

X, a pourformule VI et 

Yt est CH 2 ; 

b est 6gal a zero; et 

^6' R 7> ^io> Rii et R 12 sont tous I'hydrogene; ou bien 

X 1 a pour formule IX et 

v est egal a deux; 

w est 6gal a un ou deux; 

Y 2 est S ou CH 2 ; et 

R 12 est I'hydrogene; ou bien 

X^ a pourformule XI et 

v est 6gal a deux; 

Z represente deux atomes d'hydrogene; et 
R 12 est I'hydrogene; 

sous reserve que, lorsque X^ a pour formule XI, R 2 soit le groupe (2-thienyl)methyle. 

Compose selon la revendication 1, qui est: 

I'acide [S-(R*. R*)]-2,3,4 l 5-tetrahydro-3-[(2-mercapto-1 -oxohexyl)amino]-2-oxo-1 H-benzazepine-1 -acetique; 
I'acide [S-(R*. R*)]-2,3,4 l 54etrahydro-3-[(2-mercapto-1<ixo-4-methylpentyl]amino]-2-oxo-1H-benzazepine^ 
1 -acetique; 

I'acide [S-^R*)]-2,3.4,54etrahydro-34(2-mercapto 
1 -acetique; 

I'acide [1 S-1 a,9cc (R*)]]-octahydro-9-[[2-mercapto-1 -oxo-3- (2-thienyl)propy1]amino]-1 0-oxo-6H-pyridazino 
[1 ,2-a] [1 ,2]diaz£pine-1 -carboxylique; 

I'acide [4S-[4a,7a (R*),10aP]] -decahydro-7-[(2-mercapto-1oxo-3-phenylpropyl}amino]-6-oxopyrido[1,2-a] 
azepine-4-carboxylique; 

I'acide [3R-[3a, 6a (S*),9afi]] -octahydro-6-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-5-oxothiazoIo[3,2-a] 
azepine-3-carboxylique; 

I'acide [3S-[1 (R*),3a(R*),7p]]-hexahydro-a-methyl-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-oxo- 
7-propyl-1 H-azepine-1 -acetique; 

I'acide [6(S)]-hexahydro-6-[(2-mercapto-1 -oxo-3-ph6nylpropyl)amino]-2,2-dim6thyl-7-oxo-1 H-az6pine-1 -ace- 
tique; 

I'acide [3S-[3a(R*),7P]]-hexahydro-3-[(2-mercapto-1-oxo-3-ph6nylpropyl)amino] -2-oxo-7-p ropy 1-1 H-azepi- 
ne-1 -acetique; ou 

I'acide [3S-[3a(R*),7P]]-hexahydro-3-[(2-mercapto-1-oxo-3-phenylpropyl)amino]-2-oxo-7-(2-propenyl)-1H- 
azepine-1 -acetique. 

Composition pharmaceutique comprenant un porteur pharmaceutiquement acceptable et un compost de formule 
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O 
D 

Rl — S — (CH 2 ) n — C C — Xj 



ou bien un sel pharmaceutiquement acceptable de celui-ci, formule dans laquelle R,, R 2 , R 19 , n et X, sont tels 
que definis dans I'une quelconque des revendications precedentes. 

Precede de preparation d'un compose de formule 



0 

0 

Rl S — (CH 2 )n — C C — X 1 



dans laquelle R 1 , R 2 , R 19 , et n sont tels que definis dans I'une quelconque des revendications 1 a 6, qui consiste 
a) lorsque est I'hydrogene ou 

0 
II 

R 3 -C- 

et R 19 est I'hydrogene, a combiner un acide acylmercaptocarboxylique de formule 
(XIV) 

0 0 
II II 
R3-C-S- (CH 2 ) n -CH-C-OH 
I 

R 2 

ou bien une forme activee de I'acide de formule XIV, avec Pintermediaire de formule 

(XV) H-X 1 

pour obtenir le produit de formule 
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(XVI) 



10 



15 



20 



° 9 
II II 

R 3 — C S <CH 2 ) n — CH— C — X x 

I 

*2 



dans laquelle R 12 , dans la definition de X v est un groupe protecteur d'ester, facile a eliminer, puis a eliminer 
le groupe acyle 



0 
II 

R 3 -C- 



et le groupe protecteur d'ester R 12 ; 

b) lorsque R 2 et R 19 sont tous deux autres que I'hydrogene et n est egal a zero, a combiner la chaTne laterale 
mercapto substitu6 de formule 



25 



30 



(XVII) 



H 3 co 




o 



l 

'H 2 C-S-C — c 
R19 R2 



-OH 



35 



avec I'intermediaire de formule XV pour obtenir le compose de formule 



(XVIII) 



40 



45 



SO 



K.CO 




o 



O 
II 

•H 2 C-S-C— C 
Ri 9 R2 



puis a traiter par un acide fort pour 6liminer le groupe protecteur mSthoxybenzyle; 

c) lorsque R, est -S-R 18 et R 18 est un groupe alkyle, alkyle substitue, cycloalkyl-(CH 2 ) m -, ary\-(CH 2 ) m -, aryl 
substitue-(CH 2 ) m - t ou h6teroaryl-(CH 2 ) m -, a faire reagir le produit de formule I, dans laquelle R 1 est I'hydro- 
gene, avec un compose sulfonyle de formule 



(XXI) 



H 3 C-S0 2 -S-R 18 



55 



dans un sotvant alcoolique aqueux; et 
d) lorsque R n est -S-R 18 et R 18 est 
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0 
II 

— {CH 2 ) n — C C Xi 

\ 

R 2 



10 a oxyder le produit de formule I, dans laquelle R 1 est I'hydrogene, avec de I'iode. 

9. Compos6 selon Tune quelconque des revendications 1 a 6, destine a servir de substance pharmaceutique active. 

10. Utilisation d'un compose selon I'une quelconque des revendications 1 a 6 pour la fabrication d'un medicament 
75 servant a inhiber I'enzyme de conversion de I'angiotensine et I'endopeptidase neutre. 
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